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MINERAL  RESOURCES  OF  ALASKA,  1916. 


By  Alfbbd  H.  Bsooks  and  others. 


By  Alfbed  H.  Bbooks. 


This  Tohime  is  the  thirteenth  of  a  series  of  annual  'bulletins  * 
treating  of  the  mining  industry  of  Alaska  and  summarizing  the 
results  achieved  during  the  year  in  the  investigation  of  the  mineral 
resources  of  the  Territory.  In  preparing  these  reports  the  fum  is 
prompt  publication  of  the  most  important  economic  results  of  the 
year.  The  ahort  time  available  for  their  preparation  does  not  permit 
full  office  study  of  the  field  notes  and  specimens,  and  some  of  the 
statements  made  here  may  be  subject  to  modification  vhen  the  study 
has  been  completed.  Those  interested  in  any  particular  district  are 
therefore  urged  to  procure  a  copy  of  the  complete  report  on  that 
district  as  soon  as  it  ia  available. 

This  volume,  like  those  previously  issued,  contains  both  pre- 
liminary statements  on  investigations  made  during  the  year  and 
sunmuuiea  of  the  condition  of  the  mining  industry,  including  statistics 
of  mineral  production.  It  is  intended  that  this  series  of  reports  shall 
serve  as  convenient  reference  works  on  the  mining  industry  for  the 
years  which  they  cover.  Lack  of  funds  prevents  a  visit  to  every 
TninJTig  district  each  year  by  a  member  of  the  Survey,  and  therefore 
the  data  used  in  prepeuing  the  summery  on  mining  development 
are  in  part  based  on  information  gleaned  from  various  reliable 
sources. 

Agfun,  as  for  many  years  in  the  past,  the  writer  is  imder  great 
obligation  to  residents  of  the  Territory  for  valuable  data.  Those 
who  have  thus  aided  include  the  many  mine  operators  who  have 
made  reports  on  production  as  well  as  developments.  It  is  a  matter 
of  surprise  and  regret  to  the  writer  that  there  are  still  some  Alaskan 

iTbatKondingnlomMlDtbliwrlesue  U.  a.  deed.  Survey  Bulls.  Z5S,  284,  314,  345,  370.  442,  480,  G3Q, 
M%5B2,Sm,ud»tt 
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mineral  producers  who  fail  to  respond  to  requests  for  information. 
Many  prospectors,  Federal  officials,  engineers,  fmd  officers  of  trans- 
portation fmd  commercial  companies  have  contributed  valuable 
data.  It  is  impracticahle  to  enumerate  all  who  have  aided  in  this 
work,  but  it  is  right  to  state  that  without  the  assistance  of  these 
puhUc-spirited  citizens  it  would  be  impossible  to  prepare  this  report. 
Special  acknowledgments  should  be  made  to  the  Director  and  oihex 
officers  of  the  Mint;  the  officers  of  the  Alaska  customs  service;  Wells 
Fargo  Express  Co.;  Thomas  Riggs,  jr.,  of  the  Alaskan  Gngineering 
Conumssion;  the  Alaska  Mexican  Gold  Mining  Cki.,  Alaska  United 
Qold  Mining  Co.,  and  Alaska  Treadwell  Gold  Mining  Co.,  of  Treadwell; 
B.  L.  Thane,  F.  B.  Hyder,  and  J.  Fazard,  of  Juneau;  Stephen  Birch, 
of  Kennicott;  George  M.  Esterly,  of  Nizina;  W.  Peterson  and  S.  E. 
Wagner,  of  Susitna;  A.  H.  McNeer,  of  Seward;  G.  R.  Goshaw,  and 
J.  M.  McLennan,  of  Chisana;  J.  L.  Abrams,  of  Fortymile;  John  R. 
Kemp,  of  Steel  Creek;  J.  J.  Hillard  and  U.  G.  Myers,  of  Eagle;  F.  A. 
Reynolds,  of  Circle;  R.  C.  Wood,  A.  Bruning,  J.  A.  Fairbom,  Falcon 
Joslin,  First  National  Bank,  American  National  Bank,  and  Tanana 
Valley  Railroad,  of  Fairbanks;  E.  E.  James,  of  Richardson;  G.  W. 
Ledger,  of  Rampart;  S.  S.  Rowell,  of  Hot  Springs;  W.  A.  Vinal, 
H.  Fothei^ll,  and  Henry  Howard,  of  Ophir;  C.  P.  Wood,  of  Iditarod; 
J.  C.  Felix,  of  Hughes;  O.  R.  Williams,  of  Nolan;  P.  T.  Hanigsman,  of 
Bethel;  Wilham  Loiselle  and  A.  Steiker,  of  Quinhagak;  R.  W.  J.  Reed 
and  G.  A.  Adams,  of  Nome;  and  John  D.  Flannigan,  of  CounciL 

The  arrangement  and  manner  of  treatment  in  this  volume  are  the 
same  as  in  those  previously  issued.  First,  papers  of  a  general  char- 
acter are  presented,  followed  by  those  treating  of  special  districts, 
arranged  geographically  from  south  to  north.  This  bulletin  con- 
tains 15  papers  by  11  authors.  One  of  these  papers  deals  with 
administrative  matters,  one  ia  a  general  summary  of  the  mining 
industry,  and  the  remainder  deal  more  specifically  with  the  mineral 
resources  of  certain  districts.  In  the  geol3gic  papers  emphasis 
is  laid  on  the  conclusions  that  are  of  immediate  interest  to  the  miner. 
These  conclusions  are  discussed  here  briefly  but  will  be  more  fully 
treated  in  reports  now  in  preparation.  The  need  of  prompt  pubU- 
cation  requires  that  the  illustrations  iu  this  volume  be  of  the  simplest 
kind. 
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ADMINISTBATIVE  REPORT. 


ByALPEBD  H.  Bbooks. 


intboudction. 

Twelve  parties  were  engaged  during  1916  in  Alaska  surveys  and 
investigations.  The  length  of  field  season  ranged  from  3  to  12 
months,  being  determined  by  the  character  of  the  Work  and  by 
the  climatic  conditions  prevailing  in  different  parts  of  the  Territory. 
The  parties  included  11  geologists,  4  topographers,  1  engineer,  and  28 
packers,  cooks,  and  other  auxiliaries.  Seven  of  the  parties  were 
engaged  in  geologic  surveys,  three  in  topographic  surveys,  one  in 
combined  topographic  and  geologic  work,  and  one  in  stream  gaging. 
The  areas  covered  by  reconnaissance  geologic  surveys  on  a  scale  of 
1:250,000  (4  miles  to  an  inch)  amount  to  5,100  square  miles;  by 
detailed  geologic  surveys  on  a  scale  of  1 :  62,500  (1  mile  to  an  inch), 
636  square  miles.  Much  of  the  time  of  the  geologists  was  devoted  to 
the  investigation  of  special  problems  relating  to  mineral  occurrence, 
the  results  of  which  can  not  be  expressed  in  terms  of  area.  About 
9,700  square  miles  was  covered  by  reconnaissance  topographic  sur- 
veys, on  a  scale  of  1:250,000  (4  miles  to  the  inch),  and  65  square 
miles  by  detailed  topographic  surveys,  on  a  scale  of  1 :  62,500  (1  mile 
to  an  inch).  In  cooperation  with  the  Forest  Service,  stream  gaging 
in  southeastern  Alaska  was  abo  continued. 

With  increased  knowledge  of  Alaska's  geology  and  the  new  facts 
made  available  by  mining  operations,  it  has  become  necessary  to 
revise  some  of  the  previous  interpretations  of  the  geology,  especially 
those  made  before  accurate  base  maps  were  available.  Therefore 
the  revision  of  some  of  the  mapping  of  the  earlier  years  is  of  vital 
importance,  and  to  this  work  some  of  the  investigations  of  each  year 
are  devoted.  In  1916  an  area  of  36  square  miles  adjacent  to  Juneau, 
previously  surveyed  geologically  on  a  scale  of  1 :  62,500,  was  mapped 
on  the  larger  scale  of  1 :  24,000.  The  geologic  mapping  of  about  1,500 
square  miles  on  a  scale  of  1 :  250,000  was  also  revised. 

To  state  the  work  geographically,  four  parties  worked  in  south- 
eastern Alaska,  one  in  the  Copper  River  r^ion,  two  on  Prince  William 
Sound,  four  in  the  Yukon  basin,  and  one  in  general  investigations  in 
the  TukoD  basin  and  Seward  Peninsula.    Among  the  important 
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results  of  the  year  were  the  completion  of  the  detailed  topographic 
and  geologic  survey  of  Juneau  and  vicinity,  the  completion  of  the 
reconnaissance  geologic  survey  of  the  southern  part  of  the  Ketchikan 
district,  and  the  detailed  geologic  survey  of  a  pert  of  the  Neuana  coal 
field. 

The  following  table  shows  the  aJlotmenta,  including  both  field  and 
office  work,  of  the  total  appropriation  of  $100,000  for  the  fiscal  year 
1916  to  the  regions  investigated.  In  addition  to  this,  a  balance  of 
about  $6,000  from  last  year's  appropriation  was  expended  in  equip- 
ping partjea  for  the  season's  field  work.  In  preparing  this  table  the 
general  office  expenses  are  apportioned  to  the  several  allotments, 
account  being  taken  of  variations  in  character  of  work.  The  results 
are  expressed  in  round  numbers.  Salaries  of  the  permaoent  staff  are 
included  up  to  t^e  end  of  the  fiscal  year  1917,  but  expenses  other  than 
these  include  only  the  cost  of  field  and  office  work  during  1916.  The 
"general  investigations"  include,  with  other  things^  the  cost  of  col- 
lecting mineral  statistics  and  of  office  work  rdating  to  the  field  inves- 
tigations of  previous  seasons.  A  balance  of  about  $6,000  will  be 
utilized  for  equipping  the  field  parties  in  1917. 

Approximate  geographic  dithibulion  of  appropriatiem  for  Alatha  invtttiffa- 

tiont,  me. 

Southeastern  Alaska $22, 600 

Copper  River 7,000 

Prince  Williun  Sound 14, 600 

Yukon  baain 42, 600 

Seward  Fenineula 1, 000 

Geneml  iaveatigatdonB 6, 500 

To  be  allotted  to  field  work,  1017 6,000 

100,000 
In  the  following  table  the  approximate  amount  of  money  devoted 
to  each  class  of  investigations  and  surveys  is  indicated.  It  is  not 
possible  to  give  ttie  exact  figures,  as  the  same  party,  or  even  the  same 
man,  may  have  carried  on  the  different  kinds  of  work,  but  this  state- 
ment will  serve  to  elucidate  a  later  table,  which  will  summarize  the 
complete  area!  surveys. 

ApprojAnmU  allotmentt  to  different  Jntwli  ofturveyt  and  invettigatio'iia,  1915. 

Raconnaisaance  geologic  surveys 115,000 

Detailed  geologic  eurveya 20,000 

Special  geol<:^c  inveetigatione 11,600 

Reconnaiflsance  topc^rapbic  surveys 19,000 

Detailed  topographic  Burveys 4,500 

Investigations  of  water  resourcee 4,900 

Collection  of  mineral  statisticB 1, 600 

Miscellaneous,  including  administration,  inspection,  clerical 

salariee,  office  supplies  and  equipment,  and  map  compilation.     17, 400 
To  be  allotted  to  field  work,  1917 6,000 

100,000 
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AUotmfnlifor  talaria  andfitld  expemu,  1916. 

Bcientific  and  technical  aaUri«a 139,843 

Field  expenses 37,615 

Clerical  and  office  salaries 16, 542 

To  be  allotted  to  field  work,  1917 6,000 

100,000 
The  following  table  exhibits  the  progress  of  investigations  in 
Alaska  and  the  annual  grant  ai  funds  since  systematic  surveys  were 
be^uu  in  1S98.  It  should  be  noted  that  a  varying  amount  is  spent 
each  year  on  special  investigations  that  yield  results  which  can  not 
be  expressed  in  terms  of  area. 

pTOgrat  of  tumq/t  in  AUuka,  1898-1916. 


Aim*  ornna  by 

e«ilo(lc  surveys. 

n]rra7t.a 

tlga- 

Y«w. 

^E^ 

1 

RecoD- 

El- 

s 

l:«i5,- 

nals- 

tance 
(seals 
l:3S0,- 

De- 
tailed 
(sG»le 

Lloes 

muki 

sourcM 
(gagmg 

Oons 

"«?• 

000). 

B. 

'^rr 

t^"). 

foot 
tours). 

talDsd 
y6«). 

7-S 

Sf.m. 

«... 

??-n7n 

Si.  IB. 

Si.™. 

KOa. 

1 

B3a 

10,100 
8,330 

10,050 

;g 

w 

UH 

100,000 

ass 

■•rwi- 

i 

lias 

3« 
MS 

ao 

^ 

10,300 

lolioo 

6,100 

•,700 

« 

i,*ra,i8fl 

73,aM 

99,636 

6,212 

si.flso 

MB,  080 

3.-Sl|       «3|         ■'*\ 

''SST'^"^ 

1           . 

1 

li« 

16.80 

O.Sft 

a.  81 

25.  OS 

0.M 

I  The  Gout  and  OwidBEIt 


3  BoTTBT,  Intnnatioiul  Boundsr;  Survey,  knd  OeDend  Land  OSIce  hi 
Id  Alaika.   Tlie  atsos  oovtnd  b;  Ui«ia  «urwfi  u«  of  eoune  not  inch 


DicMzedbyGoOglC 


6  IflfTEBAL  BESOUBCES  OF  ALASKA,  IftlS. 

OEOORAPHIC  DISTRIBUTION  OP  INTE8TIOATION8. 
OENSBAL  WOBE. 

The  writer  was  engaged  in  office  work  until  July  2i,  when  he 
started  for  Alaska.  He  joined  Mr.  Chapin  at  Ketchikan  on  August 
2  and  devoted  the  next  two  weeks  to  a  study  of  the  geology  of  the 
Ketehikan  district.  The  time  from  August  19  to  26  was  spent  in 
the  Juneau  district  with  Mr.  Spencei^and  Mr.  Eakin.  Here  a  con- 
ference was  also  had  with  Mr.  Canfield.  A  study  of  the  geology  of 
the  Latouche  district  of  Prince  William  Sound  was  made  in  com- 
pany with  Mr.  Johnson  from  August  30  to  September  10.  A  brief 
visit  was  then  made  to  Anchorage,  and  several  more  days  were 
spent  at  Juneau  on  the  return  trip.  Seattle  was  reached  on 
September  24. 

During  the  calendar  year  1916  the  writer  devoted  56  days  of  his 
time  in  the  office  to  geologic  studies,  24  days  to  the  critical  readii^ 
and  revision  of  manuscripts,  13  days  to  the  writing  of  the  progress 
report,  10  days  to  field  plans,  8  days  to  mineral  statistics,  5  days 
to  proof  reading,  and  4  days  to  preparation  of  the  annual  press 
bulletin  on  mining  in  Alaska. 

Besides  doing  his  field  work,  to  be  referred  to  below,  Q.  C.  Martin 
devoted  considerable  time  to  continuing  the  preparation  of  a  mono* 
graph  on  the  Mesozoic  rocks  of  Alaska.  The  writer  was  absent 
from  the  office  for  the  month  of  May,  and  during  this  time  Mr. 
Martin  was  engaged  chiefly  in  executive  work  as  acting  geologist 
in  chaige  of  the  division. 

R.  H.  Salient  continued  the  general  supervision  of  the  Alaska 
topographic  surveys  and  map  compilation,  in  addition  to  carrying  on 
his  own  field  work. 

E.  M.  Aten  continued  as  office  assistant  to  the  geologist  in  charge 
and  supervised  the  office  work  during  the  writer's  absence  in  the  field. 
He  also  continued  to  assist  in  collectii^  statistics  of  production  of 
precious  metals  in  Alaska. 

During  the  last  six  years  J.  W.  Bagley  has  been  investigating  the 
use  of  phototopographio  methods  in  Alaska  surveys.  He  has  devised 
both  methods  and  instruments  in  this  work,  the  utility  of  which  has 
been  proved  by  actual  use.  During  1916  he  prepared  a  report  con- 
taining the  results  of  this  work  (see  p.  10),  which  is  intended  for  those 
who  may  find  use  for  phototopographio  methods  in  other  fields. 

SOUTHBASTEBH  AT.AiyiTA 

The  geologic  reconnaissance  survey  of  the  southern  half  of  the 
Ketchikan  district,  begim  in  1913  and  continued  in  1915,  was  com- 
pleted in  1916.  These  investigations  were  made  by  Theodore  Chapin, 
who  devoted  the  time  between  May  20  and  September  20  to  the  work. 


..vCoogIc 


ADMINISTEATIVE  fiEPOBT.  7 

Id  addition  to  revisii^  the  preTious  geolt^ic  mapping,  an  area  of  about 
500  square  miles  was  surTeyed  on  a  reconnaisBance  scale.  Ck>nsider- 
able  time  was  also  demoted  to  a  study  of  the  ore  deposits  and  investi- 
gation of  mining  developments.  An  account  of  the  latter  is  contained 
in  another  part  of  this  report. 

The  making  of  a  detailed  base  map  of  the  region  adjacent  to  Juneau, 
wlm^  waa  begun  in  1914,  was  completed  in  1916.  The  large  scale 
adopted,  1 :24,000  (about  2.64  inches  to  the  mile),  the  ru^;edne68  of 
the  r^on,  and  the  heavy  timber  and  adverse  climatic  conditions  have 
made  this  survey  exceedingly  difficult  and  expensive.  The  area 
covered  is  36  square  miles,  of  which  12^  square  miles  was  surveyed  in 
1916.  Owing  to  the  high  cost  of  the  survey  it  has  been  necessarily 
confined  to  those  areas  which  are  of  greatest  present  economic  impor- 
tance. D.  C.  Witherspoon,  who  did  this  work,  was  engaged  in  field 
work  from  May  29  to  September  27,  inclusive. 

The  area  covered  by  the  base  map  above  referred  to  waa  surveyed 
geol<^cally  during  1916  by  A.  C.  Spencer  and  H.  M.  Eakin,  who  also 
made  a  detailed  investigation  of  the  ore  deposits.  Field  work  was 
begun  on  July  11  and  continued  until  October  6,  coverii^  an  area  of 
36  square  miles.  Mr.  Eakin  also  devoted  about  three  weeks  to  a 
study  of  the  Porcupine  placer  district.  This  district  had  not  been 
invest^ated  by  a  geologist  since  1903,  and  in  that  time  some  new 
developments  had  been  made.  Mr.  Eakin  also  devoted  about  a  week 
to  collecting  data  on  mining  developments  in  the  less  accessible  parts 
of  the  Juneau  district.  The  results  of  these  two  investigations  are 
summarized  in  another  part  of  this  volume. 

The  investigation  of  the  water  resources  of  southeastern  Alaska, 
begun  in  1915  under  a  cooperative  agreement  with  the  Forest  Service, 
was  continued  throughout  1916.  G.  H.  Canfield,  who  had  charge  of 
this  work,  maintained  S  automatic  gages  throughout  the  year.  In 
addition  to  these  gages  12  others  were  installed  in  cooperation  with 
different  individuals  and  corporations.  The  results  are  briefly  sum- 
manzed  in  another  section  of  this  report.  This  work  could  not  have 
been  carried  on  without  the  cordial  cooperation  of  the  Forest  Service, 
many  members  of  which  have  given  substantial  aid;  particular 
acknowledgment  should  be  made  to  W.  G.  Weigle,  special  agent  at 
Ketchikan,  and  to  Leonard  Lundgren,  district  engineer  at  Portland 
Oreg. 

OOPPKB  BIVKB  EB&ION. 

Thou^  much  the  laiger  part  of  the  Chitina  basin  has  been  covered 
by  geologic  surveys,  there  are  still  many  imsolved  problems  relating 
to  the  stratigraphy,  atructxire,  and  ore  deposits.  These  can  be  solved 
only  by  a  more  or  less  intensive  study  of  special  areas,  and  to  this  task 
F.  H.  Mofht  was  assigned.  He  devoted  the  time  from  Jime  23  to 
September  29  to  this  work.    In  addition  to  making  a  special  study  he 
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also  made  geologic  recoimais3Bnce  eiirreys  of  about  300  square  miles. 
The  preliminary  report  of  the  results  of  this  work  is  contained  an 
another  part  of  this  volume. 

PBINCE  WnXZAU  BOTjmi. 

The  rapid  doTelopment  of  mining  in  the  Prince  William  Sound 
region  has  made  a  demand  for  further  surveys  and  investigations. 
During  1916  B.  L.  Johnson  made  a  somewhat  detailed  survey  of  the 
Latouche  district,  in  which  he  covered  an  area  of  about  400  square 
miles.  He  also  made  some  investigations  of  the  mining  develop- 
ments in  other  parts  of  the  Prince  William  Sound  region,  the  results 
of  which  are  presented  in  another  part  of  this  volume.  Mr.' Johnson 
devoted  the  time  from  June  11  to  October  IS  to  this  work. 

J.  W.  Bagley  began  topographic  reconnaissance  surveys  in  the  Fort 
Wells  district  of  the  Prince  William  Sound  region  on  June  8  and 
extended  these  surveys  eastward,  continuing  his  field  work  until  Sep- 
tember 12.  He  covered  an  area  of  1,900  square  mUes  on  a  scale  of 
1 :250,000,  using  phototopographic  methods.  In  addition  to  this, he 
surveyed  in  detaU  (scale  1 :  02,500)  an  area  of  65  square  miles  lying 
adjacent  to  Jack  Bay,  this  work  connecting  the  previously  mapped 
areas  of  the  EUamar  and  Port  Valdez  districts. 

TTJKOH  BASIN. 

G.  C.  Martin,  assisted  by  A.  G,  Maddren  and  R.  M,  Overbeck,  made 
a  detailed  geologic  survey  of  the  western  part  of  the  Nenana  coal 
field.  The  base  map  was  provided  for  this  work  by  the  surveys  made 
by  the  Genera!  Land  Office.  The  field  work  extended  from  June  16 
to  August  24,  and  the  total  area  surveyed  was  236  square  miles  on  a 
scale  of  1 :  62,500. 

S.  R.  Capps  and  C.  E.  Giffin  were  charged  with  the  duty  of  making 
a  reconnaissance  survey  of  the  Kantishna  placer  district.  The  sur- 
veys were  begun  on  Nenana  River  and  were  extended  eastward  to 
include  the  Kantishna  district  and  southward  to  the  crest  line  of  the 
Alaska  Range.  Mr.  Capps,  who  had  chaise  of  the  geologic  investi- 
gations, began  work  on  June  26  and  continued  imtil  August  25,  sur- 
veying- an  area  of  about  1 ,000  square  miles  on  a  scale  of  1 :  250,000 . 
He  also  revised  previous  geologic  mapping  over  an  area  of  about 
2,000  square  miles.  The  prefiminary  report  of  the  results  of  this 
.  work  is  contained  in  another  part  of  this  volume.  Mr.  Giffin  began 
the  topographic  survey  on  June  26  and  completed  it  on  August  29. 
He  covered  an  area  of  4,500  square  miles,  using  phototopographic 
methods. 

The  important  developments  in  the  Tolovana  district  led  to  an  in- 
vestigation of  this  field  during  1916.  J.  B.  Mertie,  jr.,  who  was  de- 
tailed for  this  investigation,  began  field  work  on  July  7  and  con- 
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tinued  until  August  4.  Besides  studying  the  placers  he  made  a 
geologic  reconnaissance  map  of  about  240  square  miles.  The  time 
from  August  8  to  3t  was  devoted  by  Mr,  Mertie  to  an  investigation 
of  the  ore  deposits  of  the  Fairbanks  district.  In  this  field  he  devoted 
special  attention  to  the  occurrence  of  tungsten.  The  results  of  these 
investigations  are  presented  elsewhere  in  this  volume. 

Important  mining  developments  in  the  Marshall  district  of  the 
lower  Yukon  have  made  an  ui^ent  demand  for  a  survey  of  this  field, 
"nierefore  a  combined  geologic  and  topographic  party  under  the 
direction  of  R.  H.  Sargent,  with  G.  L.  Harrington  as  geol(^t,  was 
assigned  to  this  field,  Hus  party  began  work  on  June  16  and  con- 
Uoued  until  September  6,  The  topographic  and  geologic  surveys 
cover  an  area  of  some  3,300  square  miles.  The  results  of  the  study 
of  the  placers  are  presented  elsewhere  in  this  volume. 
SBWABD  PEHHTSTTLA. 

J.  B.  Mertie,  jr.,  was  detailed  to  make  a  supplementary  investiga- 
tion of  the  lodes  in  the  Nome  and  other  districts  of  the  Seward 
Peninsula.  He  devoted  the  time  from  September  19  to  October  13 
to  this  work  and  paid  special  heed  to  the  tungsten  and  antimony 
deposits.  In  addition  he  collected  data  on  minir^  developments. 
The  results  of  hia  work  are  presented  elsewhere  in  this  volume. 

COU.ECTION  OF  STATISTICS. 

The  collection  of  the  statistics  of  precious  metal  production  in 
Alaska,  begun  by  the  writer  in  1905,  has  been  continued  each  year. 
In  spite  of  every  effort  made  there  are  still  a  lai^e  number  of  mine 
operatois  who  fail  to  make  returns.  This  is  to  the  great  disadvan- 
tage of  the  mineral  industry,  as  it  decreases  the  accuracy  of  the 
figures  on  production  for  the  different  districts.  Fortunately  other 
sotircee  of  information  are  available,  and,  thanks  to  the  pubhc  spirit 
shown  by  many  residents  of  the  Territory,  it  is  possible  to  obtain 
data  on  which  reliable  estimates  of  mineral  production  can  be  based. 
Until  all  the  mine  operators  make  returns,  however,  it  is  not  possible 
to  obtain  entirely  accurate  figures.  The  nonreporting  operators  are 
chiefly  placer  miners,  for  practically  all  the  gold  and  copper  lode 
operators  make  annual  returns  of  output. 

As  has  been  the  practice  in  the  past,  a  press  bulletin  was  issued  on 
January  1  summarizing  the  estimates  of  mineral  production  and 
mining  developments  of  the  previous  year.  Though  the  figures  of 
production  then  published  vary  somewhat  from  the  final  figures 
included  in  this  report,  yet  they  were  near  enough  to  the  truth  to 
serve  the  immediate  purpose  of  those  interested  in  the  mining  in- 
dustry of  Alaska.  The  prompt  pubhcation  makes  the  data  avulable 
whmi  most  needed. 
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UINBBAL  BESOUBCEB  OF  ALASKA, 
PUBLICATIONS. 


During  1916  the  Survey  published  four  bulletins  and  one  water- 
supply  paper  relating  to  Alaska.  In  addiUon,  one  bulletin  is  in 
press,  and  twelve  reports,  including  this  volume,  were  in  progress  at 
the  end  of  the  year.  %  Two  topographic  maps  were  published  during 
the  year,  and  one  is  in  press. 


Bulletin  630.  The  Clumu'Whit«  River  diitrict,  Alaska,  by  B.  R.  Cappa;  includ- 
ing geologic  and  topogiapfaic  reconnaiasance  mape. 

Bulletin  631.  The  Yukon-Koyukuk  r«gion,  Alaska,  by  H.  M.  Eakin;  iocluding 
geologic  and  topogiaphic  reconnaiasanco  maps. 

BuLLBTiN  642.  Mineral  resources  of  Alaska:  Report  on  progress  of  inveatigationa 
in  1915,  by  A.  H.  Brooks  and  others;  including  new  edition  of  map  showing  distribu- 
lion  of  mineral  resources  in  Alaska. 

Bulletin  649.  The  antimony  deposits  of  Alaska,  by  A.  H.  Brooks. 

Watbr-Supflt  Pafer  372.  A  water-power  reconnaissance  in  south-central  Alaska, 
by  C.  E.  Ellsworth  and  K.  W.  Davenport. 


Bulletin  657.  The  use  of  the  panoramic  camera  in  topographic  surveying,  with 
notes  on  the  application  of  photogrammetry  to  aerial  surveys,  by  J.  W.  Bagley.  (Pub- 
lished Apr.  20,  1917.) 

Bulletin  655.  The  Lake  Clark-Central  Kuskokwim  region,  by  P.  S.  Smith. 

Wate&-8upplt  Paper  418,  The  mineral  springs  of  Alaska,  by  G.  A.  Waring. 

KEPORTS   TDK    WHICH   ILLUSTRATIOKS   ABE    BEINO    FKEPARED. 

The  Canning  River  region  of  northern  Alaska,  by  E.  de  K.  Leffingwell. 
The  I^cbina-Susitna  region,  by  Theodore  Cbapin. 
The  Cosna-N'owitna  r^on,  by  Theodore  Chapin. 
The  upper  Chitina  Valley,  by  F.  H.  Molfit. 


The  marble  resources  of  aoutheastera  Alaska,  by  E.  F.  Burchard. 

The  lower  Kuskokwim  region,  by  A.  G.  Maddren. 

The  Kotsina-Kuakuhuia  district,  by  F.  H.  Moffit. 

The  upper  Matanuska  baun,  by  G.  C.  Martin. 

Geology  of  the  Glader  Bay  and  Lituya  region,  Alaska,  by  F.  E.  Wright  and  C.  W. 
Wright. 

Geology  of  the  region  along  the  international  boundary  from  Porcupine  River  to 
the  Arctic  Ocean,  by  A.  G.  Maddren. 

TOPOORAPHIC  HAPS  ISSUED. 

Reconnaissance  map  of  Yukon-Koyukuk  r^^n  and  adjacent  l«rrJtory,  by  B.  U. 
Eakin,  D.  C.  Witherspoon,  and  R.  B.  Oliver;  scale,  1:600,000;  contour  int^-val,  400 
feet.    (Flat«  I,  Bulletin  631.) 

Reconnaissance  map  of  Chisana-White  River  district,  by  C.  E.  GifBn;  scale, 
1:250,000;  contour  interval,  200  feet.    (Plat«  1,  Bulletin  630.) 


i;  contour  interval,  SO 
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THE  ALASKAN  MINING  INDUSTRY  IN  1916. 


By  Alfbed  H.  Brooks. 


OENERAIi  FBATURE8. 

In  1916  Alaska  mines  yielded  a  mineral  output  valued  at 
148,632,138.  The  output  Jn  1915,  which  was  greater  than  that  of 
any  previous  year,  had  a  value  of  S32,S54,22d,  and  therefor©  the 
increase  in  1916  was  over  115,700,000,  or  nearly  60  per  cent. 
Although  this  enormous  increase  was  due  in  great  part  to  the  lai^ 
tonnage  and  high  price  of  copper,  yet  nearly  all  other  minerals  were 
produced  in  greater  quantities  than  in  the  previous  year. 

It  can  not  he  expect«d  that  Alaska  will  continue  to  produce  so 
much  mineral  wealth  each  year,  yet  fhe  large  amount  of  preparation 
made  in  1916  for  lode  and  placer  mining  and  the  development  of  the 
coal-mining  industry,  now  assured,  give  promise  of  a  continuous 
healthy  growth  to  the  mining  industry  of  the  Territory.  This  is 
especially  true  of  the  Pacific  coast  r^on  and  of  the  territory  served 
by  railroads  built  or  under  construction. 

The  principal  facts  relating  to  Alaska's  annual  production  are 
graphically  presented  on  Plate  11  (p.  12).  This  shows  that  the 
small  beginning  of  Alaska's  great  mining  indiistry  was-made  in  1880,' 
when  about  (20,000  worth  of  gold  was  woo  from  the  Juneau  placers. 
During  37  years  of  mining  the  value  of  the  annual  mineral  output  has 
grown  to  nearly  $50,000,000.  This  growth  has  not  been  uniform, 
especially  after  1898,  when  the  yield  of  gold  from  the  placers  became 
a  large  element  in  the  value  of  the  total  annual  mineral  output. 
For  many  years  the  fluctuation  in  total  annual  value  was  a  reflection 
of  the  condition  of  the  placer-mining  industry.  Since  1910  the 
variation  in  value  of  the  copper  output  has  also  been  an  important 
element  in  determining  the  curve  of  mineral  production. 

Some  silver  has  always  been  recovered  incidentally  to  the  mining  of 
Alaskan  gold:  During  the  last  20  yeais  tin,  copper,  marble,  gypsum, 
and  other  mineral  produots  have  helped  to  swell  the  value  of  the 
mineral  output.  Up  to  1898  the  value  of  the  nuneral  production 
other  than  that  of  the  gold  is  so  small  that  it  can  not  be  shown  on  the 
scale  of  the  accompanying  diagram  (PI.  11). 
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Thoi^h  it  is  generally  assumed  that  the  annual  gold  output  of  the 
Territory  has  been  derived  lai^ely  from  placer  mines,  this  is  not 
entirely  true.  From  the  time  that  lode  mining  began  in  1883  imtil 
the  discovery  pf  the  rich  placers  of  Nome  in  1898  the  value  of  the 
gold  output  from  the  lodes  was  greater  than  that  of  the  placra^. 
Throughout  this  period  the  total  annual  gold  production  of  Alaska 
was  steadied  by  the  output  of  the  great  TreadweU  group  of  mines. 
It  is  for  this  reason  that  the  curve  of  mineral  production  (PI.  11) 
shows  but  few  fluctuations  during  the  first  20  years  of  mining. 

With  the  discovery  of  the  Nome  gold  field  in  1898  the  Alaskan 
mmmg  industry  passed  into  a  second  phase' of  its  evolution.  In  this 
epoch  the  output  of  the  placers  played  a  dominating  part  in  the  value 
of  the  annual  production,  which  fluctuated  greatly  from  year  to  year. 
The  first  peak  in  mineral  production  was  reached  in  1900  and  was 
due  to  the  gold  from  Seward  Peninsula.  A  second  was  reached  in 
1906,  when  a  large  production  from  the  Fairbanks  placer  mines  was 
added  to  that  of  Seward  Peninsula.  Had  it  not  been  for  the  rapid 
successive  discovery  of  such  campe  as  Nome,  Fairbanks,  Iditarod, 
Hot  Springs,  Ruby,  and  others, -the  gold  output  would  not  have  been 
maintained.  The  development  of  a  new  camp  at  about  the  time 
of  the  dechne  of  the  output  from  an  older  camp  prevented  much 
greater  fluctuation  in  the  annual  product  than  actually  took  place. 
This  period  was  an  era  both  of  wasteful  mining  tmd  excessive  specu- 
lation. Placer  mining  was  regarded  more  as  a  gamble  than  as  a 
Intimate  business.  Many  rich  claims  were  gutted  without  thought 
of  the  future.  Few  operators  looked  forward  to  the  day  when  the 
bonanzas  would  be  worked  out  and  a  continuation  of  the  placer- 
minii^  industry  would  depend  on  the  exploitation  of  larger  bodies 
of  gravel  with  a  gold  content  too  low  to  be  profitably  handled  by 
the  crude  methods  then  in  general  use. 

From  this  epoch  of  bonanza  placer  mining  Alaska  is  gradually 
emerging,  the  first  step  being  the  installation  of  large  dredges  on 
Seward  Peninsula,  which  began  in  1905.  Since  then  many  others 
have  been  installed  on  the  peninsula,  and  dredge  mining  is  becoming 
animportant  industry  in  other  parts  of  the  Territory.  There  has  also 
been  a  general  improvement  in  placer-mining  methods  in  all  of  the 
older  placer  districts  and  &  consequent  steadying  of  the  annual  pro- 
duction. As  a  result,  the  curve  of  Alaska's  annual  placer  gold  pro- 
duction has  shown  comparatively  httle  variation  during  the  last  four 
years.  The  maintenance  of  a  laj^e  annual  output  of  placer  gold 
seems  assured,  though  it  does  not  necessarily  follow  that  the  Tninimiim 
output  has  been  reached.  There  is  still  s  large  percentage  of  gold 
won  from  bonanza  deposits  which  have  no  great  extent.  Until  the 
annual  gold  placer  production  is  derived  largely  from  the  exploitation 
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a  large  scale  of  extensive  deposits,  fluctuations  in  annual  output  are 
be  expected. 

Rib  annual  fluctuation  In  value  of  Alaska's  copper  output  reflects 
trariation  ia  the  price  of  copper.  This  acts  directly,  in  deter- 
ling  the  value  of  the  copper  actually  produced,  and  indirectly 
ause  when  copper  is  high  a  number  of  miuea  are  operated  that  are 
t  during  periods  of  low  price,  the  abnormally  high  price  of  copper 
ing  the  last  two  years  accounts  in  lai^  measure  for  the  very  high 
rard  grade  of  the  curve  of  copper  production  (PI.  II)  as  well  as  of 
curve  of  total  mineral  production.  There  ia  no  question,  how- 
r,  that  though  this  curve  is  abnormal  and  can  not  be  taken  as  a 
tsure  of  f  utm*e  value,  yet  there  is  every  assurance  that  Alaska  will 
Itinue  to  make  a  large  annual  copper  output,  even  mider  normal 
tket  conditions. 

there  was  an  increase  in  1916,  compared  with  the  previous  year,  of 

I  output  from  both  the  Alaskan  placer  and  lode  gold  mines.     In 

ts  of  the  curtailment  of  atibnite  mining  when  the  price  of  (mti- 

ny  dropped  in  midsummer,  a  larger  quantity  was  mined  in  1916 

n  in  1915.    For  the  first  time  in  its  history  Alaska  produced 

Igsten,  scheelite  ores  having  been  mined  in  the  Fairbanks  and 

Die  districts  during  1916.    The  tin  production  was  about  the  same 

bi  the  previous  year.    There  was  some  increase  of  lead  production, 

1  for  the  first  time  a  small  output  of  platinum  from  Alaskan  mines. 

the  completion  of  the  Government  railroad  to  the  lower  end  of  the 

tanuska  coal  field  (see  Fl.  I,  in  pocket)  encouraged  the  opening  of 

I  small  mines,  which  produced  some  bituminous  coal  for  local  use. 

Ettle  bituminous  coal  was  also  mined  at  the  southwest  end  of  the 

(ing  River  field.    There  was  an  increased  output  of  lignitic  coals 

tpared  with  previous  years  from  several  small  mines.    Steps  were 

fiu  to  develop  bituminous  coal  mines  on  a  larger  scale,  and  these 

:<plopnients,  together  with  the  receipt  by  the  Interior  DepfO'tment 

ipplications  for  leases  in  both  the  Bering  River  and  Matanuska 

I  fields,  give  assurance  of  the  beginnings  of  an  Alaskan  coal-mining 

iiatry.     The  production  of  coal  in  Alaska  will  stimulate  all  other 

nches  of  mining.     As  the  Alaskan  oil  lands  are  withdrawn  from 

ry  and  no  provision  has  been  made  for  leasing  them,  no  large 

'elopment  of  Alaskan   petroleum  has  taken  place.    The  only 

roteum  company  operating  in  Alaska,  in  the  Katalla  field,  increased 

development  work  in  1916,  compared  with  1915. 

[n  addition  to  the  minerals  mentioned  above,  marble  and  gypsum 

re  produced  on  about  the  same  scale  as  in  previous  years.    Devel- 

tuent  work  was  done  on  deposits  of  molybdenite,  chromic  iron  ore, 

d  graphite.    Some  graphite  was  mined  on  Seward  Peninsula  but 

»  not  shipped. 

103210°— 18— Bull. « 
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HCINERAL  BES0UBCE8  OF  ALASKA,  1916. 


The  statistics  for  Alaska's  mineral  production  in  1915  uid  1916  are 
given  in  the  subjoined  table.  The  output  of  marble,  gypsum, 
petroleum,  etc.,  is  given  as  a  single  item,  because  a  separate  listing 
might  reveal  the  production  of  individual  properties. 

Mineral  output  of  Attuka,  1915  and  1916. 


1915 

1918 

aicr«i!8lnl91a. 

Quantity, 

Valuo. 

Qoantity. 

Valuo. 

QuanUlj.. 

Value. 

Ba^':::::::::::^.!^r:. 

807,966 
1.071,782 
86,509,312 

..1 

(16.702. 144 
74^000 

'IS 

a372,2» 

831.067.87 
1,379,261 
119, 802,^ 

'»20 
11,200 

117,  an,  713 

29,4W;291 

iaa!i30 

SS,000 
579.  .wo 

J3,(»2.T1« 
37 

10,800 

^'iS 

ffi=^~: 

tR!oa2 
SI, TOO 

32,8H,i2» 

48,832,178 

s  No[ilBtlnum  or  tungsten  [nduded. 

Productive  mining  began  in  Alaska  in  1880,  when  the  Juneau  gold 
placers  were  fiist  exploited.  It  is  estimated  that  since  that  time 
mineral  wealth  has  been  produced  to  the  value  of  nearly  S350,000,000. 
Thia  output,  by  years  and  substances,  is  summarized  in  the  follow- 
ing table:  • 

Valve  o/ total  mijural  prvduaion  of  AUuta,  I880~l9ie. 


By/eais. 

18,569,715 

:::::::  aSS;g 

AM  TH 

1904 

i9oo!!!;.";;;. 

016 
09) 

1 

M 

TOt 

OK 
403 
944 

990 

567 

734 
134 

c^[«-:;::::::::::::  ^'M^ 

:::::::    liwiai 

!!H::::::::: 

:::::::    '■'^■S. 

SS:::::::::::;:::::;  1 

48,612,178 

349,565,929 

GOLD,   SILVER,  AND   COPPER. 

The  following  table  gives  an  estimate  of  tiie  totnl  production  of 
gold,  silver,  and  copper  since  the  beginning  of  mining  in  1880.  For 
the  earlier  years,  especir^lly  for  silver,  the  figures  are  probably  far 
from  being  correct,  but  they  are  based  on  the  best  information  now 
available. 
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Production  of  gold,  nlver,  and  copper  in  Altuka,  1880~1916. 


OoU. 

BOnt. 

Copper. 

Y«r. 

S' 

valo.. 

ounwB). 

Commer- 
cbl  nliM. 

.issr. 

Vihw. 

if 
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lis 
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■■   1 
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?ooo 

lis 

ifo;}SS 

73,300 

n^oDO 

113600 
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148  7»4 
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i,0Ti;78a 
i,37B, m 

Ill, 118 
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sii 
IS 

43^  NO 

■08 

39 

KS 

[      3,933 

301 
301 

301 

got 

T62 

000 

i 
i 

00 

1          x 

250,000 
3W.000 

i       >3e 

i    i 

r,       ITS 

1    i 

11        OS 

US,  695 
3,40»,4U 

29;48i;»i 

' 

13,4G3,lle 

378,100,688 

8,302,  fM 

3,7»,46B 

33B,S1S,403 

81,403.871 

The  subjoined  table  gives  an  estimate,  based  on  the  best  available 
data,  of  the  source  of  the  gold  and  silver  produced  in  Alaska  since 
mining  began  in  1880.  About  165,100,000  worth  of  gold,  or  nearly 
one-third  of  the  total  estimated  output,  was  produced  before  1905, 
and  thare  is  but  scant  information  about  its  source.  For  the  period 
since  that  time  fairly  complete  statistical  returns  are  available,  and  it 
is  probable  that  the  figures  presented  in  the  following  table  are  near 
enough  to  the  truth  to  be  valuable.  The  figures  given  for  the  silver 
recovered  from  placer  gold  and  from  siliceous  ores  are  probably  less 
accurate  than  those  for  the  gold.  Copper  mining  did  not  begin  in 
Alaska  until  1901,  and  the  figures  for  gold  and  silver  derived  from 
this  industry,  as  now  presented,  are  therefore  a  close  approximation 
to  the  actual  output. 
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oftouren  of  gold  and  tUver  pnduad  in  AUitka,  1880-1S16. 


OoM. 

SBvar. 

Qomaw. 

VBlne. 

Q<»ntity. 

VdlM. 

ntUOtttKO. 

Fijuoanca. 
1,0M,238 
3  967  308 

tT31,»a 

13,«3,U9 

278. !«),«« 

8,3(B,*S<>J3,7a8,«5 

The  above  table  shows  that  about  28  per  cent  of  tiie  total  gold 
production  of  Alaska  bas  been  obtained  from  the  auiiferous  lode 
mines  (siliceous  ores).  In  1916  the  lode-gold  production  was  38 
per  cent;  in  1915,  37  per  cent;  in  1914,  32  per  cent;  in  1913,  31.6 
per  cent;  and  in  1912,  29  per  cent.  In  the  following  table  the  produc- 
tion of  precious  metals  has  been  distributed  as  to  sources: 

SwiToa  of  gold,  tttvtr,  and  capper  produced  in  Alatka,  191$. 


,ss,. 

aoM. 

BUnr. 

Copper. 

QuantllT. 

Vohia. 

QuanUty. 

VahM. 

QuanUty. 

V»h«. 

'^^ 

"jli 

"llO.DBo' 
1,207,121 

40;8SS 

Fmia: 

?Kr- 

■-ni:m,w 

4,066.061 

834,067.87 

1J,M1.I« 

l.J7»,181 

»7,5M 

1»,  609,028 

2S,4S4,3n 

The  enormous  copper  output  from  Alaskan  mmes  in  1916 — a  total 
of  119,602,02S  pounds,  valued  at  $29,484,291— has  already  been 
mentioned.  During  the  year  18  copper  mines  were  operated,  com- 
pared with  13  in  1915 — nine  in  the  Ketchikan  district,  six  in  the 
Prince  WiUiam  Sound  district,  and  three  in  the  Chitiua  district. 
The  great  output  from  the  Kennecott  and  Jumbo  mines,  in  the 
Chitina  district,  overshadowed  all  other  operations.  Had  the 
transportation  companies  and  smelters  been  able  to  handle  th©  ore, 
however,  many  of  the  smaller  copper  mines  on  the  coast  would  have 
made  a  much  greater  output.  The  average  copper  content  ofthe 
ores  mined  was  9.7  per  cent,  and  the  value  of  gold  and  silver  recov- 
ered about  $1.60  to  the  ton.  The  average  for  1915  was  11.7  per  cent 
copper  and  $1.65  to  the  ton  in  gold  and  silver. 

Twenty-nine  gold-lode  mines,  lai^e  and  small,  were  operated  in 
1916 — one  lees  than  in  1915.  The  value  of  the  lode-gold  output 
decreased  from  $6,069,023  in  1915  to  $5,912,736  in  1916.  South- 
eastern Alaska,  especially  the  Juneau  district,  is  stiU  the  only  center 
of  lai^  quartz-mining  developments  in  the  Territory.  Next  in 
importance  is  the  Willow  Creek  lode  district.    There  was  also  con- 


.„  Coot^lc 


TBE   ALASKA'S   MINIHQ   INDU&TBY   IN   1916.  17 

sidenble  gt^d-lode  miomg  on  Prince  William  Sound,  but  a  very 
decided  falling  off  of  this  industry  in  the  Fairbanks  district.  Lode- 
mine  owners  of  Fairbanks  are  availing  the  cheapening  of  operating 
costs,  especially  of  fuel,  which  will  be  brought  about  by  the  Govern- 
ment rulroad.  Of  the  producing  mines  eight  were  in  southeastern 
Alaska,  fire  on  Prince  William  Sound,  four  on  Keuai  Peninsula, 
four  in  the  Willow  Creek  district,  and  eight  in  the  Fairbanks  dis- 
trict. In  1916  the  average  value  of  the  gold  and  silver  contents 
for  all  siliceous  ores  mined  was  $1.70  a  ton;  the  average  for  1915  was 
$2.79  a  ton.  These  averages  reflect  the  dominance  in  the  total  lode 
production  of  the  lai^e  tounage  produced  from  the  low-grade  ores 
of  the  Jimeau  district. 

In  191 5  about  4,400  men  were  employed  in  the  Alaskan  lode-mining 
industry.  Accurate  figures  on  the  number  employed  in  1916  are  not 
available  at  this  writing,  but  it  probably  was  at  least  5,000. 

The  value  of  the  placa-gold  produced  in  1916 was  ahoutSl  1,140,000; 
in  1915  it  was  $10,480,000.  All  the  older  placer  districts,  except 
Fairbanks,  have  maintiuned  or  increased  their  gold  output  com- 
pared with  the  previous  year.  The  increased  output  is,  however, 
to  be  credited  diiefly  to  the  newly  developed  Marshall  and  Tolovana 
districts.  It  is  estimated  that  about  650  placer  mines  were  operated 
in  tJie  summer  of  1916  and  215  during  the  previous  winter,  but  many 
for  only  a  part  of  the  season.  About  4,050  men  were  engaged  in 
productive  placer  mining  in  the  summer  and  SSO  in  the  wintfo-.  In 
addition,  probably  1,000  men  were  engaged  in  prospecting  or  other 
nonproductive  work  relating  to  placer  mining.  The  only  new  placer- 
bearing  area  discovered  during  1916  was  in  the  Tolstoi  Creek  basin, 
in  tbe  southern  part  of  the  Innoko  district,  and  here  but  little  pro- 
ductive mining  was  done.  There  were,  however,  notable  develop- 
ments of  gold  places  in  the  Marshall  and  Tolovana  districts  and  in 
the  Dime  Creek  r^on  of  the  southeastern  part  of  Seward  Peninsula. 

Li  accordance  with  past  practice,  a  table  is  given  here  to  show 
(^proximately  the  total  bulk  of  gravel  mined  annually  and  the  value 
of  the  gold  recovered  per  cubic  yard.  The  table  is  based  in  part 
on  returns  made  by  placer-mine  operators  and  in  part  on  certain 
assumptions  which  do  not  now  admit  of  proof  but  which  are  sup- 
ported by  a  large  ntunber  of  facts.  Therefore,  although  the  table  is 
only  approximately  correct,  it  indicates  the  order  of  magnitude  of 
the  true  figutee. 
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EtUmaied  amount  of  grautl  tluietd  in  Abubm  phcer  v 
190S-ISI6. 


ei  and  value  of  gold  reeovend, 


Year. 

sSf. 

Value  or 
goMie- 

r»rd. 

Yen. 

Total 

OMc  wtrii. 

7,aeolaia 

I.B7 

i',!oa',Mi 

The  above  table  shows  that  during  the  last  nine  years  there  has 
been  a  decline  in  the  average  gold  content  of  the  gravels  mined. 
This  is  a  reflection  of  the  improved  methods  of  placer  mining  that 
are  beii^  introduced,  especially  in  the  use  of  dredges.  If  data  were 
available  on  the  average  gold  recovery  previous  to  1908  a  far  greater 
decline  would  be  noted.  The  rise  of  the  average  recovery  in  1916 
compared  with  1915  is  due  largely  to  the  fact  that  the  Alaskan  dredges 
were  for  the  most  part  working  on  far  richer  placers.  This  change 
is  also  influenced  by  the  fact  that  in  1916,  as  compared  with  1915, 
a  lai^r  percentage  of  the  placer  gold  came  from  the  rich  deposits 
of  newer  districts,  such  as  Hot  Springs,  Tolovana,  and  ^oyukuk. 
In  these  districts  gold  recoveries  of  17  to  S20  a  cubic  yard  are  not 
uncommon.  In  the  flnal  analysis  the  movement  of  the  miners 
toward  the  richer  placers,  made  evident  by  the  average  recoveries 
for  1915  and  1916,  is  the  result  of  the  present  economic  conditions, 
which,  as  will  be  shown  below,  affect  gold  mining  more  adversely 
than  any  other  industry. 

Thirty-four  gold  dredges  were  operated  in  Alaska  in  1016,  one  less 
than  in  1915.  The  dredging  companies  employed  about  440  men. 
Four  dredges  were  built  during  the  year.  Twenty-seven  dredges 
were  in  Seward  Peninsula,  three  in  the  Iditarod,  and  one  each  in  the 
Ruby,  Fairbanks,  Circle,  and  Yentna  districts.  These  dredges  pro- 
duced about  $2,679,000  worth  of  gold  and  handled  about  3,900,000 
cubic  yards  of  gravel.  In  1915  the  35  dredges  handled  about  4,600,- 
000  cubic  yards  of  gravel  and  made  a  gold  recovery  worth  {2,330,000. 
The  average  gold  recovery  per  cubic  yard  was  about  69  cents  in  1916 
and  51  cents  in  1915.  TTie  gold  dredges  of  Seward  Penmsula  made 
an  average  recovery  of  53  cents  a  cubic  yard  in  1916  and  35  cents  in 
1915.  The  drei^es  of  the  Alaska  Yukon  districts  are  working  on 
placers  of  relatively  high  gold  tenor.  The  value  of  gold  recoveiy  per 
cubic  yard  in  1916  was  about  85  cents;  in  1915,  about  SO  cents. 

The  above  statements  do  not  encourage  the  hope  of  an  immediate 
expansion  of  the  dredging  industry  of  Alaska.  I>uring  the  last  three 
years  there  has  been  a  decrease  in  the  number  of  dredges  operated. 
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and  the  gold  output  from  this  source  baa  been  maintained  by  the 
production  of  a  few  machines  working  on  relatiTely  rich  pWers. 
Dredgii^  companies  in  Soward  Feninsula,  which  have  in  the  past 
mined  gravels  of  lesser  gold  tenor,  have  in  part  ceaacd  operations, 
and  there  is  now  a  general  tendency  throughout  Alaska  to  limit  the 
installation  of  dredges  to  relatively  rich  placers.  This  is  no  doubt 
due  in  large  part  to  present  economic  conditions,  by  which  the  gold- 
mining  industry  suffers  most,  for  the  value  of  the  product  is  rela- 
tively less  than  under  normal  conditions,  and  yet,  as  in  other  indus- 
tries, the  cost  of  operation  is  increased  by  high  prices. 

There  are  in  Alaska  many  placers  rich  enough  to  be  dredged  under 
present  adverse  conditions,  and  the  exploitation  of  these  placers  will 
continue  more  extensively  than  in  the  past.  The  best  hope  for  a 
permanent  dredging  industry,  however,  is  in  the  mining  of  the  lai^e 
bodies  of  auriferous  gravels  whose  gold  tenor  is  too  low  to  be  attrac- 
tive to  operators  under  present  economic  conditions. 

Though  dredges  were  built  for  use  in  the  Alaska  Yukon  as  early 
as  1898  and  at  Nome  in  1900,  this  method  of  placer  mining  did  not 
reach  a  profitable  stage  until  1903,  when  two  small  dredges  were 
successfully  operated  in  Seward  Peninsula.  Dredging  began  in  the 
Fortymile  district  in  1907;  in  the  Iditarod,  Birch  'Creek,  and  Fair- 
ban^  districts  in  1912,  and  in  the  Yentna  district  in  1916.  Up  to 
the  end  of  1916  gold  to  the  value  of  $15,110,000  has  been  mined  by 
dredges.  The  distribution  of  this  output  by  years  is  shown  in  the 
following  table: 

EttimaU  of  gold  produced  from  dredge  mining  in  AUuka,  1903-1916. 
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TIN. 

The  Alaskan  mines  produced  139  tons  of  metalUc  tin,  valued  at 
1121,000,  in  1916,  compared  with  102  tons,  valued  at  $78,846,  in 
1915.  Most  of  this  tin  came  from  the  York  district,  in  Seward 
Peninsula,  where  four  dredges  were  operated  in  1916,  of  which  two 
were  working  on  gravels  carrying  gold  as  well  as  tin.  Considerable 
development  work  was  done  on  the  tin  lodes  of  the  York  district, 
notably  at  the  Lost  Biver  mine.  As  in  the  past,  much  stream  tin 
was  recovered  from  the  gold  placer  mines  of  the  Hot  Springs  district. 
The  following  table  shows  the  Alaskan  tin  production  by  years: 
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Tin  prodwxd  in  Alaika,  190S~1916. 
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Tbotigh  silver-lead  ores  are  found  in  many  parts  of  Alaska  no 
deposits  of  them  have  yet  been  opened  on  a  commercial  basis.  Ilie 
lead  production  is  tho^ore  still  only  incidental  to  the  miniDg  of 
ores  chiefly  valuable  for  other  metals.  Some  test  shipments  of 
galena  ore  were  made  from  several  deposits  in  1916,  and  these, 
with  the  much  lai^er  recovery  of  lead  from  gold  ores,  made  a  total 
output  of  820  tons  of  lead,  valued  at  $109,120,  compared  with  a 
production  in  1915  of  437  tons,  valued  at  $41,118.  The  following 
table  shows  the  lead  production  of  Alaska,  so  far  as  it  can  be  deter- 
mined from  available  data: 

EitimaU  of  Uad  prodwxd  in  AUuIm,  1891-1916. 
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ANTIMONT, 

The  mining  of  antimony  ore  (stibnite)  began  in  Alaska  in  1915 
uid  was  continued  on  about  the  same  scale  throughout  the  first 
half  of  1916.  The  drop  in  the  price  of  antimony  during  midsummer 
put  an  end  to  most  of  these  operations.  About  1,4&8  short  tons  of 
crude  ore,  valued  at  $134,000,  was  miued  in  1916.  The  output  in 
1915  was  833  tons,  valued  at  $74,000.  Most  of  this  antimony  ore 
came  from  two  mines  in  the  Fairbanks  district,  where  two  other 
mines  also  made  a  small  production.    Stibnite  ore  was  also  pro- 
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duced  from  ore  mined  in  the  Nome  district,  but  no  ahipmeDts  were 
made.  A  more  detailed  account  of  antimony  Twining  at  Fairbanks 
and  Nome  will  be  fomid  in  another  section  of  this  report. 

TUNGSTEN. 

Though  scheehte  has  long  been  known  to  occur  in  some  of  the 
Alaskan  placers,  until  the  last  two  years  the  demand  for  it  has  not 
been  sufficient  to  encourage  its  recovery.  The  recent  high  price  of 
tungsten  has  induced  Alaskan  miners  to  turn  their  attention  to 
scheelite  deposits.  In  the  fall  of  1915  a  scheelite-hearing  vein  was 
discovered  in  the  Fairbanks  district,  and  its  development  began. 
Later  two  other  scheelite-bearing  veins  were  found  in  the  same 
district.  During  the  winter  some  of  these  scheehto  ores  wore  treated 
in  a  local  mill  and  the  concentrates  were  shipped  out  by  parcel  post. 
Scheelite  TTiining  was  continued  during  the  summer,  and  the  crude 
ore  was  shipped  out  by  steamer.  Considerable  scheelite  was  also 
recovered  from  some  of  the  gold  placers  at  Nome,  and  a  Httle  was 
produced  in  other  districts.  It  is  estimated  that  about  47  tons  of 
scheelite  concentrates,  including  a  little  wolframite,  were  produced 
in  Alaska  during  1916,  for  which  the  producers  received  about 
$109,300.  A  more  detailed  description  of  tungsten  mining  in  Alaska 
is  given  elsewhere  in  this  report. 

PLATINUM. 

Platinum  has  been  reported  in  association  with  gold  placers  at 
many  widely  separated  locahties  in  Alaska,  Some  of  the  reported 
occurrences  after  investigation  have  proved  not  to  contain  platinum; 
at  others  small  quantities  of  the  metal  have  been  found  in  concen- 
trates from  placer-mining  operations.  Traces  of  platinum  have  also 
been  found  in  a  copper-bearing  lode  in  the  Ketchikan  district. 

In  1916  the  value  of  the  crude  platinum  recovered  from  placer 
mines  of  the  west  coast  was  from  160  to  170  an  ounce.  This  high 
price  both  stimulated  the  search  for  platinum  deposits  and  led  mine 
operators  to  examine  their  concentrates  for  platinum.  Complete 
returns  on  platinum  production  are  lacking,  but  the  evidence  in  hand 
indicates  that  between  10  and  12  ounces  was  recovered  from  Alaska 
placers  in  1916.  This  came  from  Dime  Creek,  in  the  Koyuk  district 
of  Seward  Peninsula;  from  Bear  Creek,  in  the  Fairhaven  district  of 
Seward  Peninsula;  and  from  Slate  Creek,  in  the  Chistochina  district 
of  the  upper  Copper  River  basin.  In  view  of  the  present  great 
demand  for  platinum  it  seems  desirable  to  smnmarize  the  rather 
scant  data  relating  to  Alaskan  platinum  deposits.  The  localities 
where  platinum  is  known  to  occur  will  be  described  and  also  those 
where  it  has  been  reported,  even  though  the  report  has  not  yet 
been  verified. 
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Traces  of  platinum  and  palladium  have  recently  been  found  in 
association  with  the  copper  ores  of  the  Goodro  mine,  on  Frinc«  of 
Wales  Island  in  the  Ketchikan  district.  This  copper-bearing  lode 
has  been  described  by  Knopf '  as  "  a  heavy  green  dioritic  rock,  con- 
taining much  biotite  and,  as  the  main  copper-bearing  mineral, 
scattered  particles  of  bomite,  with  which  are  associated  sporadic 
blebs  of  chalcocite  and  chalcopynte."  Wright,'  who  has  mapped  the 
geolc^y  of  the  Goodro  deposits,  describes  the  country  rock  as  a 
gabbro,  a  marginal  phase  of  the  diorite  widely  distributed  in  the 
district.  In  regard  to  the  distribution  of  the  Groodro  type  of  copper 
deposits,  Wr^ht*  says:  "Irregular  disseminated  bodies  of  copper  ore 
occur  in  an  intrusive  belt  of  gabbro  that  extends  along  the  northeast 
side  of  the  salt  chuck  at  the  head  of  Kasaaji  Bay,  extending  north- 
westward and  averaging  about  a  mile  in  width.  Copper  ore  has 
been  found  at  only  a  few  places  in  this  intrusive  belt  and  has  been 
mined  only  at  the  Goodro  mine."  In  other  words,  the  geologic  con- 
ditions existing  at  the  Goodro  mine  are  probably  repeated  at  other 
locaUties.  If  the  Goodro  ore  proves  to  carry  platinum  in  commercial 
quantity  an  examination  of  deposits  of  similar  types  for  platinum  ia 
justified. 

No  platinum  has  bean  found  in  any  other  lode  deposits  of  Alaska. 
Some  very  basic  intrusive  rocks  (peridotite)  of  the  general  type  with 
which  platinum  deposits  occur  are  present  in  the  southern  part  of 
Kenai  Peninsula,  but  so  far  as  known  these  have  not  been  examined 
for  platinum.  Chromite  ore  occurs  in  association  with  some  of  these 
intrusives,  deposits  havii^  been  found  at  Red  Mountain,'  7  miles 
from  Seldovia,  and  near  Port  Chatham.  It  is  not  intended  to  imply 
that  these  deposits  carry  any  platinum,  but  only  that  their  geology 
is  such  as  to  justify  their  examination  for  this  metal.  However, 
chromite-bearing  veins  hare  also  been  found  near  Euth  Creek,  in  the 
Tolovana  district,  and  the  gold  placers  of  this  district  carry  chromite 
but  no  platinum. 

A  little  platinimi  has  been  won  from  the  Slate  Creek  placers  of 
the  Chistochina  district,  in  the  Copper  Kiver  basin.  It  has  long 
been  known  that  a  little  osmium  and  iridium  occur  in  the  placers 
of  Miller  Gulch,  also  in  the  Chistochina  district.'  Many  yeu^  ago 
it  was  reported  that  platinum  occurred  in  the  gravels  of  Nadina 
Biver,  also  in  the  Copper  River  basin.  A  careful  study  of  these 
deposits  by  Mendenhall  *  failed  to  reveal  any  platinum. 

I  Knopf,  Adolpb,  UlniDg  la  southeasMro  Alaaka:  V.  S.  Oeol,  Surrey  Bull.  412,  p.  Ml,  1<M0. 

■  Wrlcht,  C.  W.,  QeologT  and  ore  depodla  Dt  Copper  Mountain  and  Kiaaan  Fsnhuuis,  Aluka:  U.  S. 
Gcd.  Survey  Prof.  Fspw  87,  pp.  7G,  S8,  87,  M,  IDIG. 

■  Idem,  p.  86. 

•  Uutin,  a.  C,  Johnson,  B.  L.,  uid  Orant,  U.  S.,  OeaJogy  and  mlnenl  reHutoei  of  Kenai  Fealusuk, 
Aluka:  U.  S.  Oeol.  Survey  Bull.  SST,  pp.  137-238, 1915. 

t  Umdenfaalt,  W.  C,  Geology  of  the  oentnl  Copper  River  r^lon.  Alask*:  V.  B.  Oeol.  Survey  Prof. 
Paper41,p.lXl,  19K. 

<  Idem,  pp.  m-m. 
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iiaaj  of  the  beach  placers  of  the  Pacific  coast  belt  have  been 
reported  to  carry  platinum.  It  seems  pretty  definitely  established 
that  at  least  small  quantities  of  platinum  occur  in  the  beach  placeis 
of  Lituya  Bay.  It  was  long  ago  reported  that  a  little  platinum 
occurred  in  the  beach  placers  of  Yakutat  Bay.  This  report  has  not 
been  coufinned,  for  an  examination  of  the  auriferous  beach  sands 
from  the  north  end  of  Ehantaak  Island '  failed  to  reveal  the  pres- 
ence of  platinum.  No  platinum  has  been  found  in  the  beach  placers 
of  Yakataga.'  Platinum  has  been  reported  to  occur  in  some  of  the 
beach  placers  of  Kodiak  Island,  The  only  sample  tested  from  this 
region  was  taken  from  the  "7-mile  beach"  near  Uyak,  and  this 
revealed  no  trace  of  platinum.  A  little  platinum  is  said  to  occur  in 
the  beach  placers  near  the  mouth  of  Bed  Biver,  Kodiak  Island. 

The  presence  of  platinum  has  been  reported  in  the  gold  placers  of  ■ 
Colorado  Creek,  on  Kenai  Peninsula,  also  on  Kahiltna  River,  in  the 
Yentna  district.  No  samples  from  these  localities  have  been  exam- 
ined by  the  Survey,  but  the  writer  is  indebted  to  Prof.  Herschel  C. 
Parker  for  the  information  that  as  the  result  of  drilling  of  auriferous 
graveb  in  the  Eahiltna  River  valley  in  the  search  for  dredging 
ground,  considerable  alluvial  platinum  was  found,  including  some 
nu^ets  the  size  of  the  head  of  a  match.  Basic  intrusive  rocks  of 
the  type  with  which  platinum  is  sometimes  found  associated  occur 
in  the  Alaska  Range,'  in  which  Kahiltna  River  has  its  source.  No 
other  occurrence  of  platinum  has  been  reported  from  the  Yentna 
district,  but  the  amount  found  in  the  Kahiltna  River  gravels  justifies 
a  further  search  for  it.  Its  occurrence  in  the  river  gravels  suggests 
that  it  may  be  more  abundant  in  the  gravek  of  some  of  the  tribu- 
tary streams. 

Many  years  ago  a  trace  of  platinum  was  obtamed  from  some  con- 
centrates procured  by  placer  mining  in  the  Fortymile  district.  The 
exact  locality  of  this  specimen  is  unknown.  As  only  a  very  few 
grains  of  platinum  were  obtained,  this  information  has  no  direct 
commercial  value.  It  is  desirable,  however,  for  the  placer  oi>eratora 
in  the  Fortymile  district  to  have  the  concentrates  from  mining 
examined  for  platinum. 

A  specimen  sent  to  the  Geological  Survey  by  J.  S,  Pitcher  and 
reported  to  be  concentrates  from  placer  mining  on  Boob  Creek,  in 
the  Itmoko  district,  was  found  to  contain  some  platinum  and  palla- 
dium. Boob  Creek,  the  scene  of  new  placer-mining  developments 
in  1916,  flows  into  Mastodon  Creek,  which  is  tributary  to  Tobtoi 
Creek,  an  easterly  confluent  of  Innoko  River.  Little  is  known  of 
the  local  geology,  and  nothing  of  the  extent  of  the  deposit  in  which 

<  Bnnm,  J.  S.,  K«{«tciiiBiir[hircKusuidilr(im  YakatttBi;:  Nsl.  Oeog.  Uag.,  vol.  3,  pp.  ies-Itl§,  IStl. 
•  UoddreD,  A.  0.,Uliursldapcstt9  oCtheYakatocB  district:  V.  S.  Oeol.  Surve;  BuU.  eK,  p.  137, 1914. 
■  naab,  A.  H.,  Th*  ICouot  IfoElDler  ragtei;  U.  B.  Oeol.  Survey  Frol.  Ftfu  70,  pp.  lU,  117-14S,  1911. 
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the  platinum  was  found.  In  the  general  region  there  is  known  to 
be  an  older  series  made  up  of  limestones,  with  some  greenstones, 
and  a  younger  Mesozoic  succession  of  conglomerate,  sandstone,  and 
shale.  The  Mesozoic  rocks  are  intruded  by  granite  and  diorite  rocks 
with  some  pyroxenite.i  It  is  probable  that  the  placer  platinum  is 
derived  from  bedrock  deposits  associated  with  the  pjroxenite,  which 
is  a  dark-green,  very  heavy  igneous  rock. 

One  of  the  most  promising  finds  of  platinum  reported  in  Alaska 
is  on  Dime  Creek,  in  the  Koyuk  district  of  the  southeastern  part  of 
Seward  Peninsula.  A  little  gold  mining  was  done  on  Dime  Creek  in 
1915,  and  seven  or  eight  plants  were  operated  in  1916.  Incidentally 
to  this  gold  output  several  ounces  of  platinum  was  recovered,  and 
this  without  any  attempt  to  seek  out  deposits  valuable  for  platinum. 
■  According  to  the  report  of  prospectors  the  platinum  appears  to  have 
been  derived  from  an  area  of  greenstones.  These  greenstones  are 
probably  the  altered  intrusive  rocks  in  Paleozoic  sediments  described 
by  Smith  and  Eakin.*  No  examination  has  been  made  of  this  plati- 
num occurrence  by  the  Survey,  but  the  facts  stated  indicate  that 
the  metal  may  be  present  in  sufiicicntly  large  quantities  to  warrant 
its  systematic  recovery.  Platinum  has  also  been  found  in  the  placers 
of  Bear  Creek,  in  the  Fairhaven  district,  which  includes  the  north- 
eastern part  of  Seward  Peninsula,  No  details  r^arding  this  occur- 
rence are  known.  Most  of  the  Bear  Creek  drainage  basin  lies  in  a 
region  of  volcanic  and  intrusive  rocks,* 

The  facts  above  pven  indicate  that  at  several  widely  separated 
localities  in  Alaska  the  gold  placers  carry  sufficient  platinum  to 
justify  special  search  for  it.  Some  of  these  placers  may  even  prove 
to  be  of  greater  value  for  their  platinum  than  for  their  gold  content. 
In  any  event,  the  placer  miners  should  carefully  examine  the  concen- 
trates from  their  operations.  The  Qeolt^cal  Survey  will  be  glad  to 
make  qualitative  tests  for  platinum  of  concentrates  submitted  for 
that  purpose.  In  districts  where  extensive  placer  mining  has  been 
carried  on  the  presence  of  any  considerable  platinum  in  the  concen- 
trates is  not  likely  to  be  overlooked.  Its  presence  may,  however, 
he  known  to  tlie  purchaser  of  the  gold  and  not  to  the  miner.  It  is 
also  possible  that  platinum  occurs  where  there  is  little  or  no  gold. 
Therefore  the  prospector  will  do  well  to  examine  all  his  concentrates 
for  platinimi,  even  if  no  gold  is  present.  So  far  as  known,  the  most 
hkely  place  for  platinum  is  in  regions  of  very  basic  igneous  rocks. 
These  can  be  recognized  by  their  dark-^;reen  color  and  theu:  great 


■  Smltb,  P.  a.,  and  EaUa,  E.  U..  A  geahfic  ramuubnnn  In  KiuthaBteni  Bewtrd  Pantosula  u 
Norton BaT-Nutatongloa,  Alaska:  U.S.  a«(>l.8arTe;Bul1.M>,  pp.ai-M,  IBU. 

'  Hofflt,  F.  H.,  Thg  FalrlMTeo  (tid  plMMs,  a«wtrd  PwitBroht,  Aluka:  U,  B.  Oaol,  Snney  Bnl 
pp.e3-(M,  im. 
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weight.  They  are  heavier  than  the  ordinary  diorite  or  granite  so 
common  in  Alaska.  Some  of  them  are  coarsely  crystalline;  others 
are  fine  grained.  In  places  they  are  altered  to  serpentine,  a  light- 
groen  fibrous  rock. 

MISCELLANEOUS  METALLIFEBOUS  DEPOSITS. 

Some  prospecting  was  done  during  1916  on  the  chromite  deposits 
near  Seldovia  and  Port  Chatham,  in  the  southwestern  part  of  Kenai 
Peninsula.  A  chromite-bearing  vein  was  found  by  J.  B.  Mertie  in 
the  Tolovona  placer  district  and  is  described  by  him  in  another 
section  of  this  volume.  No  direct  report  has  been  received  about 
the  quicksilvw  deposits  of  the  lower  Kuskokwim  basin.  '  It  is 
known,  however,  that  developments  were  continued  at  the  Parks 
mine  and  tiiat  several  other  quicksilver  deposits  were  prospected. 

Some  work  was  done  on  a  molybdenite  deposit  on  the  White  Pass 
Railroad,  about  25  miles  from  Skagway.  The  owners  report  that 
the  developments  consist  of  a  10-foot  shaft  and  a  25-foot  adit  and 
that  the  deposit  occurs  in  a  broad  zone  of  mineralization  in  a  country 
rock  of  granite.  Molybdenite  has  also  been  found  on  Canyon  Creek, 
a  northerly  tributary  of  the  Chitina,  about  50  miles  from  the  Copper 
River  Railroad  at  McCarthy, '  and  on  Lemesurier  Island,  in  Icy 
Strait.  *  So  far  aa  known  no  developments  were  made  on  these 
two  deposits  during  1916.  A  copper-bearing  lode,  which  is  reported 
to  carry  nickel  and  a  litUe  cobalt,  has  been  discovered  and  developed 
near  Pinta  Cove,  on  the  west  side  of  Chichagof  Island.  The  Survey 
has  received  a  specimen  of  nickel-bearing  ore  which  is  said  to  be 
from  a  lode  near  Spirit  Mountain,  in  the  lower  Copper  Biver  region. 
COAL  MINING. 

Jd  1916  about  12,200  net  tons  of  coal,  valued  at  $55,000,  was 
mined  in  Alaska ;  in  1915  the  output  was  1,400  tons,  valued  at  $3,300. 
Most  of  the  coal  mined  in  1916  came  from  the  Doherty  mine,  in  the 
Matanuska  field;  from  the  Bluff  Point  mine,  on  Cook  Inlet;  and  from 
the  Short  Creek  mine,  in  the  Yentna  district.  Some  coal  was  also 
taken  from  the  La  Duke  mine,  in  the  Matanuska  field,  and  from  the 
McDonald  mine,  in  the  Bering  River  field.  (See  PI.  I,  in  pocket.) 
A  little  coal  was  mined  on  Chicago  Creek,  in  Seward  Peninsxda,  and 
ono  small  shipment  of  coal  was  made  to  Nome  from  the  Corwin 
mine,  in  the  Cape  Lisbume  field. 

The  most  important  event  of  the  year  to  the  Alaskan  coal  industry 
was  the  opening  of  the  Bering  River  and  Matanuska  fields  for  leasing 
under  the  new  law.    These  two  fields  were  subdivided  into  leasing 

■  Fv  InfamuUm  nganUng  these  deposits,  see  Bmltli,  P.  8.,  ud  MtddnD,  A.  Q.,  QulckdlTor  deposlti 
Ktba  Enkntarlin  ngiak:  U.  8.  Osol.  Surrey  BuU.  t33,  pp.  173-ai,  IVIS. 

'Bra^s,  A.  H.iThaAlutaamlQliiglQduitrjrliilBlS:  U.  S.  awl.  Survey  Bull.  MZ,  p.  SI,  ISIS. 

■  Knopl,  Adolph,  Tb«  Bitks  mining  dlstilist,  Alaska:  V.  8.  Oeol.  Survey  Bull.  101,  p.  17,  lUS. 
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imits  hj  the  Bureau  of  Mines  in  1915.  In  1916  the  Geological 
Survey  made  a  detailed  geologic  survey  of  the  western  part  of  the 
Nenana  coal  field,  thus  acquiring  the  information  necessary  for 
sulidividing  this  field  into  leasing  units.  The  Interior  Department 
has  received  a  number  of  applications  for  leases  in  both  the  Matanuska 
and  Bering  River  fields.  The  lower  end  of  the  Matanuska  field 
was  reached  by  the  Government  railroad  in  the  summer  of  1916, 
and  an  extension  of  the  line  into  the  heart  of  the  field  is  now  being 
built.  It  is  also  hoped  that  the  Nanana  field  may  be  made  accessible 
by  railroad  at  an  early  date.  This  will  make  it  possible  to  supply 
Fairbanks  and  other  Yukon  camps  with  the  cheap  fuel  urgently 
needed  by  the  gold  mining  industry.  The  small  amount  of  coal  pro* 
duced  at  the  McDonald  mine,  on  Bering  Lake,  in  the  Bering  River 
field,  was  sold  in  a  local  market.  A  survey  was  made  and  some  con- 
struction work  done  on  a  railroad  to  be  built  from  Goose  Point,  on 
Bering  River,  to  Canyon  Creek,  in  the  Bering  River  field.  Goose 
Point  is  accessible  to  barges  from  Controller  Bay  by  way  of  the 
lower  reaches  of  Bering  River,  which  is  a  tidal  estuary.  This  railroad 
win  be  about  1 7  miles  in  length  and  is  intended  for  coal  traffic. 

The  subjoined  table  shows  the  coal  consumption  of  Alaska,  includ- 
ing both  imports  and  local  production,  since  1899.  Most  of  the 
coal  used  up  to  1916  was  lignite.  There  was  in  1906  a  small  pro- 
duction of  bituminous  coal  from  the  seaward  end  of  the  Bering 
River  field.  The  table  does  not  include  855  tons  of  coal  mined  in 
the  Bering  River  field  in  1912  and  1,100  tons  mined  in  the  Matanuska 
field  in  1913  for  test  by  the  United  States  Navy,  Most  of  the  coal 
shipped  to  Alaska  is  bituminous,  but  a  little  is  anthracite. 
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TntSi  thfl  Opening  of  the  high-^imde  coal  deposits  of  the  Bering 
Eiver  and  Matanuska  fields  the  question  of  a  market  for  these  fuels 
becomes  important.  This  matter  was  discussed  at  some  length  in 
&  publication  issued  seven  years  ago.'  The  general  analysis  of  the 
iael  market  on  the  Pacific  seaboard  there  presented  still  holds  true. 
Time  has  not  been  available,  however,  to  collect  the  necessary  data 
on  which  to  base  an  estimate  of  the  present  market  for  Alaskan  coal. 
Since  1910  the  Alaskan  coal  coneiunption  has  declined,  owing  to  an 
increased  use  of  oil.     (See  table,  p.  40.) 

It  seems  desirable  to  summarize  briefly  the  information  available 
regarding  coal  consmnption  in  the  Pacific  States,' where  Alaskan  fuel 
must  find  its  principal  export  market.  It  need  hardly  be  added  that 
under  present  industrial  conditions  coal  production  and  distribution 
vary  greatly  from  year  to  year.  No  data  relating  to  this  matter  for 
1916  are  available,  but  even  if  they  were  it  would  probably  be  better 
to  use  the  £gnresforl915for  the  purpose  of  estimating  a  possible  coal 
market,  as  the  coal  trade  in  that  year  was  in  a  far  more  normal 
condition  than  in  1916.  The  subjoined  table,  based  on  Lesher's 
report,  presents  the  coal  consumption  of  the  three  Pacific  Coast 
States.  The  railroad  coal  is  separated  from  that  used  for  other  pur- 
poses, as  the  data  do  not  permit  a  definite  statement  that  it  was  all 
burned  in  the  State  to  which  it  is  credited.  The  railroad  consump- 
tion of  fuel,  as  given  in  the  table,  represents  the  coal  mined  or  pur- 
chased by  the  railroads  in  these  States. 

Coal  coTitumpUon  in  Paeifie  Coait  SUUet,  1915,  in  net  ton*. 
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The  above  table  shows  that  3,311,483  tons  of  coal  was  consumed 
in  the  Pacific  Coast  States  during  1915.  No  data  are  available  for 
the  years  immediately  preceding,  but  the  consumption  for  the  same 
group  of  States  in  1908  is  estimated  to  have  been  4,372,300  tons.* 
This  falling  off  is  of  course  due  to  the  greatly  increased  use  of  Cali- 
fornia oil.  The  petroleum  output  of  the  California  fields  was 
44,854,737  barrels  in  1908  and  86,591,535  barrels  in  1915.* 


■  Brmiki.A.  H.,AtBak*c<«Iuidlt3utlUiBtiaii:  U.S.  Qaol 
mBuO.MI-J,  18U. 

•  Loher,  C.  E..  Coal  in  191S,  Put  B,  Diitrlbullon  snd 
BffiOiirc«a,  UK.  pt.  1,  pp.  433-513,  HIS. 

•  Nntbrop,  J.  D-,  Fetiolsum  In  mi:  V.  8.  Ocol.  SuTTsr  ICinentl  Rnoamti,  1B15,  pt.  S,  p-  706,  ISU. 

•  Braafci,  A.  B.,  ap.  dt.,  pp.  M-9b, 


aanoj  Bull.  iO,  pp.  tr-iOO,  mO;  reptlntwl 
GonsQinptlon:  U-  3.  GboI.  BuTTvy  Ulnoral 
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Another  factor  in  the  west  coast  coal  trade  is  the  opening  of  the 
Panama  Canal.  Up  to  the  present  time  the  shipments  through  the 
canal  to  the  west  coast  have  been  chiefly  naval  coal,  with  some 
aathrscite  and  probably  a  Uttle  blacksmith  coal.  In  1915  about 
144,000  tons '  reached  the  west  coBst  through  the  canal.  No  doubt 
under  normal  conditions  the  eastern  coal  will  seek  a  market  on  the 
Pacific  seaboard  by  the  canal  route  and  may  compete  directly  with 
coal  shipped  from  Alaska. 

As  the  Alaskan  coal  could  not  be  sold  east  of  the  mountains,  owing 
to  the  long  railway  haul,  it  is  desirable  to  estimate  the  coal  con- 
sumption on  the  Pacific  slope.  No  exact  data  are  available  on 
which  to  base  such  an  estimate.  It  is  possible,  however,  to  arrive 
at  approximate  figures  based  on  certain  assumptions,  and  this  has 
been  done  with  the  helpi  of  Mr.  Lesher.  In  making  this  estimate 
it  is  assumed  that  all  the  coal  from  the  Roslyn  field  of  central  Wash- 
ington is  consumed  east  of  the  mountains  and  that  the  same  is  true 
of  the  coal  shipped  to  Washington  and  Oregon  from  the  Montana, 
Utah,  and  Wyoming  fields.  The  results  are  presented  below,  together 
with  the  Alaskan  coal  coosompltion  (p.  2G). 

Estimatt  of  coal  amtumption  of  the  Pr.cijic  slope,  1915,  in  net  torn. 

Galifomia 610, 000 

Oregon 300, 000 

Waahington 2,300,000 

Alaska 90,000 

3,300.000 

The  high-grade  coab  of  Alaska  are  of  better  quahty  than  any 
others  found  on  the  Pacific  seaboard.  They  should  be  of  special 
value  for  the  bunker  trade.  The  increased  use  of  oil-burning  engines 
on  ocean  vessels  is  illustrated  by  the  subjoined  table,  io  which  the 
bunker  trade  for  the  years  1908  and  1915  is  compared.  This  table 
is  based  on  data  furnished  by  Mr.  Lesher.  As  the  statistics  on  bunker 
consumption  are  not  entirely  complete  the  figures  for  1915  are  in 
part  based  on  estimates.  Of  the  319,000  tons  of  bunker  coal  con- 
sumed in  1915  about  180,000  tons  was  consumed  by  vessels  engaged 
in  foreign  trade.  This  does  not  include  about  85,000  tons  of  coal 
furnished  to  vessels  iu  the  Hawaiian  Islands. 

I  Leaher,  C.E.,  op.cit.    Tfalsdoesnot  incluiloMipmcnls  loUuilla,Z},66S  ttms.ud  toIItinotulu.lt.Me 
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Buniw  oiaf  mpplied  to 

Mteamen  in  porta  of  Padfie  Coatt  StattM  and  AlaOa  tn  1909 
and  J91S,  in  net  tans. 
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Botli  the  Matanuska  and  Bering  Kiver  coal  fields  oontain  high- 
grade  coking  oosb.  As  there  is  a  scarcity  of  cokii^  coal  on  the  west 
ooast  Alaska  coke  should  find  a  ready  market.  The  figures  for  coal 
consumption  on  the  Pacific  slope  presented  in  a  previous  table  (p.  28) 
included  that  manufactured  into  coke.  It  will  be  well,  however, 
to  present  the  coke  consumption  by  States.' 
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Of  the  domestic  coke  shown  in  the  above  table  about  65,000  tons 
was  furnace  coke.  There  are  no  data  on  the  use  to  which  the  im- 
ported coke  was  put.  Most  of  the  domestic  furnace  coke  used  on 
the  west  coast  is  from  the  State  of  Washington,  but  a  little  is  brought' 
by  rail  from  Utah,  Colorado,  and  New  Mexico, 

The  annual  consumption  of  coke  on  the  west  coast  has  not  changed 
greatly  for  some  years.  In  1908  Calif  omia,  Oregon,  and  Washington 
consumed  about  136,000  tons;'  in  1915, 139,000  tons.  About  217,000 
tons  of  coal  was  utilized  in  manufacturing  the  139,000  tons  of  coke 
in  1915. 

Both  the  Matanuska  and  Boring  River  coal  fields  contain  consider- 
able anthracite.  So  far  as  known,  most  of  this  Alaskan  anthracite  is 
more  or  less  crushed  and  probably  will  not  produce  a  large  percentage 
of  lump  coal.  There  is  also  a  good  deal  of  the  high-grade  bituminous 
coal  which  is  crushed,  and  one  of  the  important  problems  in  connec- 
tion with  findittg  a  market  for  the  Alaskan  fuel  is  the  economic  utiliza- 
tion of  this  crushed  coal. 

Lesher*  has  estimated  that  in  1915  the  Pacific  Coast  States  con- 
sumed in  all  only  2,600  tons  of  domestic  anthracite.     In  addition  to 

1  Isobar, C. E., Coke ta  tSlS;  U.S.  Oeol. BurviT Ubunl Rasonras,  IBIA, pt. 2, pp. SIS^SB,  1010. 

■  Brodb,  A.  H.,  AlMka  ami  and  iti  ntlUiatlan;  U.  S.  OhiI.  SnTvor  Bull.  Ml,  p.  W,  WIO. 

■Ladm,  C.  B.,  Coal  in  191G,  Part  B,  DEiCrlbatko  ud  ooommpUffii  U.  B,  QvH^Bwtj  Uliwnl  B«- 

■oora*,  uis,  pt.  3,  pp.  488,  m,  tot,  uie. 
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this  there  was  imported  740  tons  of  coal  whidi  was  classed  aa  anthra^ 
cite  bat  about  the  clas^cation  ct  which  there  is  some  question.  Be 
that  as  it  may,  the  total  annual  consumption  of  anthracite  along  the 
Pacific  seaboard  amounts  to  only  a  few  thousand  tons.  Therefore, 
if  Alaskan  anthracite  is  mined,  a  market  for  coal  of  this  class  will  have 
to  be  built  up.  The  most  promi^ng  immediate  market  for  anthracite 
wonld  seem  to  be  in  the  Territory  itself. 

British  Columbia  coal,  notably  that  from  Vancouver  Island,  is  an 
important  factor  in  the  fuel  market  of  the  Pacific  Coast  States.  There- 
fore the  following  official  data  relating  to  the  British  Columbia  coal 
production  are  here  included: 

Coal  prwbued  in  BritiA  Cobantna,  1913  and  1914,  in  tow." 
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(kaads  Dipi.  MlDsa,  UlnM  BiantAi,  t 

The  figures  for  production  in  1913  pr  obably  represent  more  norma 
conditions  of  the  Britbh  Columbia  coal-mining  industry  than  those 
for  1914,  when  the  industry  was  more  or  less  affected  by  the  war. 
In  1915  British  Columbia  produced  2,089,966  tons  of  coal  and  275, 375 
tons  of  coke.'  Details  regarding  the  source  of  this  coal  by  districts 
and  its  distribution  are  lacking  at  this  writing. 

The  Vancouver  Island  coals  for  which  statistics  are  given  in  the 
above  table  "are  high-volatile  bituminous  coals  of  fair  quality."' 
They  are,  however,  inferior  to  the  bituminous  coals  of  the  Matanuska 
and  Bering  River  fields  of  Alaska.  These  are  the  coals  with  which 
the  Alaskan  coal  may  come  into  direct  competition. 

I  llcLeiali,  ]dm,  PraUmliury  repot  on  the  mlnanl  prodoetko  of  Cui*da  dming  tba  mIwhIm'  ysat 
IBIS:  Cinada  D«p(.  Wnes,  Mines  Bnuch,  Pub.  4as,  pp.  19-10, 19M. 
*  Powlliif,  D.  B.,  Cwl  fl«lda  ot  Britbb  CohunblB:  Canute  <}e<d.  Banvf  Ham.  tO,p.ea,  Ottem,  191& 
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PETROIJEUM. 
DITRODTTOTIOH. 

Petroleum  seepages  are  known  in  Alaska  at  four  localities,  all  on 
the  Pacific  seaboard.  These,  nuned  from  east  to  west,  are  Yaka- 
taga;  Katalla,  on  Controller  Bay;  Iniskin  Bay,  on  Cook  Inlet;  and 
Cold  Bay,  on  Alaska  Peninsula.  A  petroleum  residue  has  been 
found  near  Smith  Bay,  on  the  Arctic  coast,  and  seepages  are  reported 
to  occur  near  Wainwright  Inlet,  about  100  miles  west  of  this  locality. 
At  KataUa,  Cold  Bay,  and  Iniskin  Bay  there  has  been  some  drilling 
for  oil,  and  in  the  Katalla  field  several  productiTe  wells  have  been 
opened. 

The  discovery  of  oil  seepages  in  different  parts  of  the  Yukon  basin, 
notably  in  the  Tanana  Valley,  has  been  reported  at  different  times. 
These  occurrences,  so  far  as  investigated,  have  all  proved  to  be 
those  skims  of  oxide  of  iron  which,  especially  in  combination  with 
maish  gas,  simulate  seepages  of  petroleum.  Those  examined  occur 
in  alluvial  deposits.  Some  hare  been  encountered  in  placer  mining, 
where  shafts  have  been  sunk  below  the  level  of  permanent  ground 
frost.  As  prospectors  have  been  frequently  misled  by  such  occui^ 
rences  into  the  belief  (hat  they  had  found  petroleum  seepages,  the 
following  note  describing  simple  testa,  for  which  the  writer  is  indebted 
to  Mr.  David  White,  is  included: 

Among  the  most  important  Burfsce  indicationB  of  the  preaence  ot  oil  and  gaa  depoeits 
are  GIms  of  oil  on  water,  oil  eeepe  or  springH,  gas  emanations,  aaphaltic  deposits, 
lenticnlar  accmnulations  of  rock  salt  or  sulphur,  and  rocks  saturated  with  oil  and 
emitting  the  odor  of  petroleom.  However,  most  of  these  indications  should  bo 
examined  critically  witJi  respect  to  genuineneea  as  well  aa  natui&l  source,  especi&lly 
under  certain  conditions,  and  they  may  require  the  scrutiny  of  a  Bpecialist  in  geology 
or  petroleum  chemistry.  In  most  of  the  supposed  petroleum  seepages  the  oil-like 
substance  is  in  reality  iron  oxide,  which  commonly  forms  an  iridescent  film  on  the 
surface  of  water,  especially  in  marshy  places.  It  can  be  readily  recognized  by  the 
tact  that  it  will  not  bum,  and  when  stirred  with  a  stick  breaks  into  flakes  and  does 
not  cover  the  water  evenly,  like  an  oil  film.  It  also  lacks  the  odor  of  petroleum,  and 
if  a  little  is  put  on  a  piece  of  muslin  and  pressed  with  a  hot  flatiron  the  familiar  iron 
stain  ia  formed.  Another  simple  test  for  determining  the  nature  ot  the  film  is  to 
absorb  some  of  the  subetonce  in  a  blanket  or  burlap  and  aft«r  allowing  it  to  dry  to 
set  fire  to  it.  If  the  substance  is  petrolemn  it  will  bum  with  a  long,  vigorous  flame 
and  will  give  forth  the  odor  of  petroleum. 

The  constantly  increasing  demand  for  petroleum,  especially 
refining  oils  such  as  occur  in  Alaska,  has  renewed  interest  in  the 
oil  fields  of  the  Territory.  This  has  led  to  a  demand  for  the  infor- 
mation about  these  fields,  which  is  scattered  throi^h  a  number  of 
Survey  pubhcations,  some  of  them  now  out  of  stock.  A  brief  sum- 
mary of  what  is  known  of  these  fields  seems  timely,  for  there  is  no 
official  report  that  deals  with  the  entire  subject.    The  following 
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compilation,'  though  it  contains  but  little  new  information,  will,  it 
is  hoped,  be  useful  to  those  who  are  interested  in  these  fields.  It 
has  been  prepared  principal!;  from  reports  by  G.  C.  Martin,  who  has 
investigated  the  KataUa,  Cook  Inlet,  and  Alaska  Peoinsula  oil  = 
fields.  A.  G.  Maddren  has  also  made  a  reconnfussauce  of  the  Yaka-  - 
taga  oil  fields.  The  data  here  presented  are  taken  lai^ely  from  the 
following  publications: 

*Mtutm,  G.  C,  The  petroletuu  fields  of  the  Pacific  coaat  of  Alaaka,  with  an  tM^coimt 
of  the  Bering  River  coal  depoflita:  V.  8.  Geol.  Surrey  Bull.  250,  pp.  9-27, 1905.     15  ' 

■MartLD,  G.  C,  Geology  uid  mineml  reaourcee  of  the  Controller  Bay  region;  AlMka: 
U.  8.  Geol.  Survey  BuU.  335,  pp.  112-130,  1908.    70  cento.  ^ 

Ifartiu,  G.  C.,  uid  Katx,  F.  J.,  A  geologic  reconnaiflsance  of  the  Iliamna  f^od, 
Alaaka:  U.  S.  Geol.  Survey  Bull.  485,  pp.  12S-130, 1S12. 

*Msddren,  A.  G.,  Mineral  depoeito  of  the  Y&kataga  district:  V.  8.  Geol.  Survey 
Bull.  692,  pp.  143-147,  1S14.    60  cents. 

The  publications  marked  with  an  asterisk  (*)  are  out  of  stock  at 
the  Geological  Surrey  but  can  be  purchased  of  the  Superintendent 
of  Documents,  Washington,  D.  C,  at  the  prices  indicated. 

ITAtiAT.T.A    PIBIJ>. 

The  Katalla  field  is  marked  by  a  series  of  seepages  and  gas  springs 
distributed  through  an  eastward-trending  belt  about  25  miles  long 
and  from  4  to  8  miles  wide.  (See  PI.  III.)  This  zone  skirts  the 
north  shore  of  Controller  Bay.  To  the  east  it  extends  into  the 
alluvial  flats  of  Bering  River  and  to  the  west  into  the  flats  of  Copper 
River.  An  oil  seep^e  has  been  reported  stiU  farther  west,  on 
Hiuchinbrook  Island,  hut  this  occurreuce  has  not  been  verified. 
The  field  lies  in  part  on  the  southern  slope  of  a  densely  timbered 
highland,  whose  summits  reach  1,200  to  2,000  feet  above  the  sea, 
and  in  part  on  the  flats  adjacent  to  the  shore  line.  Drilling  has  been 
done  at  several  locahties  in  this  belt,  hut  the  productive  wells  are 
limited  to  that  part  of  it  lying  between  the  town  of  KataUa  and 
Bering  River. 

The  surface  rocks  are  a  series  of  intensely  folded  and  faulted 
shales,  sandstones,  and  conglomerates,  with  some  small  basalt  or 
diabase  dikes  and  siUs.  The  general  structural  trend  is  about  N. 
20°  Q.,  and  the  line  of  seepages  lies  diagonal  to  this  trend.  As 
much  of  the  field  is  masked  with  a  dense  growth  of  vegetation, 
details  are  lacking  on  the  minor  features  of  structure.  Certain 
seepages  or  groups  of  seepages  are  closely  associated  with  faults  or 
with  subordinate  anticlines.  No  definite  law  of  association  of  the 
petroleum  with  tectonic  features,  however,  has  yet  been  established. 

L.,TlwpatialMunasld(0(AlukK  Am.  Inst.  Ub. 
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jWest  of  Katalla  seepages  belonging  to  the  same  belt  have  been 
[found  in  surface  rocks  or  more  or  less  metamorphosed  graywackes 
land  slates. 

The  shale,  sandstone,  and  con^omerate  series  is  of  Tertiary  age  and 
[probably  older  than  the  Tertiary  coal  measures  of  the  Bering  River 
j  field,  which  lies  about  25  miles  to  the  northeast.  All  these  Tertiary  . 
'  beda  are  undoubtedly  younger  than  the  metamorphosed  graywackes 
and  slates,  which  may  be  of  Mesozoic  or  Paleozoic  age. 

It  is  evident  from  the  above  discussion  that  the  source  of  the  oil  is 
unknown.  A  source  in  the  metamorphic  graywackes  is  of  course 
very  improbable.  It  may  be  derived  from  the  Tertiary  beds  or  from 
strata  not  eiqKteed  at  the  surface.  A  possible  exjdanation  of  the 
seepages  in  the  metamorphic  rocks  is  that  these  have  been  thrust  over 
jounger  oil-bearing  strata. 

Katalla,  the  distributing  point  in  this  field,  is  a  small  settlement  at 
which  freight  can  be  landed  from  scows  only  during  favorable  con- 
ditions of  the  wind.  During  the  period  of  oil  excitement  some  use 
was  made  of  Controller  Bay,  15  miles  east  of  Katalla.  Within  its 
shelter  ships  dischai^ed  on  scows,  and  these  were  landed  at  the  mouth 
of  Bering  River,  Plans  have  been  formulated  for  developing  the 
Bering  coal  field  by  a  branch  from  the  Copper  River  Railroad,  con- 
necting with  tidewater  at  Cordova,  on  Prince  William  Sound.  (See 
PI.  III.)  Another  plan  contemplates  the  building  of  a  railway  from  a 
terminal  on  Controller  Bay.  Either  plan  could  be  made  to  serve  the 
Katalla  field  with  but  little  additional  expense.  ControUer  Bay  could 
also  be  used  as  a  petroleum-shipping  point,  without  the  agency  of  a 
railroad,  by  building  short  pipe  lines  to  tidewater.  There  is  ample 
timber  available  for  structural  purposes. 

The  Katalla  seepages  were  known  as  early  as  ISSO  but  appear  not 
to  have  attracted  any  particular  attention  until  about  1897.  The 
first  drilling  was  done  in  1901,  and  a  number  of  holes  were  sunk  during 
the  next  three  or  four  years.  Some  oil  was  found,  hut  no  gushers, 
and  operators  were  soon  drawn  away  by  the  California  oil  excite- 
ment. A  little  oil  was  pumped  from  some  of  these  wells  in  1907  to 
supply  fuel  for  railroad  construction  then  in  progress  near  Katalla. 
In  1911  a  small  refinery  was  built  near  Katalla  and  supplied  with  oil 
from  neai^l^  wells.  The  product  found  a  ready  sale  at  Katatia  and 
on  Prince  William  Sound.  This  enterprise  led  to  more  drilling  in  this 
field.  Meanwhile,  in  1910  all  Alaskan  oil  land  was  withdrawn  from 
entry,  and  it  has  remained  in  this  status  ever  since.  This  discouraged 
all  new  enterprises,  but  assessment  work  is  reported  to  have  been 
kept  up  on  some  chums.  Patent  was  granted  to  a  small  tract  in  the 
new  Katalla  field,  which  had  been  located  previous  to  the  withdrawal. 
Ihis  constitutes  the  only  Alaskan  oil  land  to  whidi  the  GovemmeiLt 
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has  relinquished  title.  Production  has  continued  up  to  the  present 
time  from  this  land,  and  its  output  represents  the  only  petroleum 
production  in  the  Territory.  In  1916  the  company  owning  this  land 
was  reorganized  under  the  name  St.  Mias  Oil  Co.  and  undertook  more 
systematic  development.  Several  wells  were  cleaned  out  and  con- 
nected for  pumping.  By  this  means  the  production  was  increased  to 
about  30  or  40  barrels  a  day,  obtained  from  six  wells.  Preparations 
were  also  made  to  drill  some  new  holes.  Plans  for  developments  in 
this  field  during  1917  are  also  being  formulated  by  another  company. 
In  all  about  26  holes  have  been  drilled  in  the  Katalla  field,  of  which 
at  least  a  dozen  have  struck  some  oil.  The  deepest  well  is  about 
1,600  feet  deep,  but  the  geology  of  the  field  is  so  complex  that  the 
actual  depth  is  not  significant  of  the  position  of  an  oil  pool.  Some 
natural  gas  was  encountered  in  the  driUing. 

TAKATAOA  FIELD. 

The  Yakataga  petroleum  field  lies  about  80  miles  east  of  Katalla. 
(See  Fl.  III.)  Here  a  series  of  seepages  marks  a  zone  about  20  miles 
in  length  and  half  a  mile  to  2  miles  from  the  beach.  The  extension  of 
this  fine  to  the  west  carries  it  into  the  Pacific,  and  to  the  east  into  an 
imexplored  and  ice-covered  region  tributary  to  Icy  Bay.  Prospectors 
report  the  presence  of  a  strong  oil  seepage  near  Yahtse  Kiver,  about  15 
miles  east  of  the  locality  to  which  the  belt  has  been  actually  traced. 
There  is  also  a  less  definite  report  of  the  occurrence  of  seepages  along 
the  mountain  front  between  Yakutat  and  Lituya  Bay,  about  200 
miles  east  of  Yakataga.  What  httle  is  known  of  the  geology  of  this 
region  lends  some  support  to  this  rumor. 

The  hne  of  Yakataga  seepages  lies  for  the  most  part  in  a  series  of 
short  valleys  separated  from  the  coastal  plain  by  a  low-wooded  ridge 
and  drained  by  streams  whose  courses  are  transverse  to  this  ridge. 
About  a  dozen  seepages  have  been  found,  most  of  which  are  httle 
more  than  exudations  along  joint  cracks.  One,  however,  on  Johnston 
Creek  is  roughly  estimated  to  discharge  a  barrel  or  more  of  petroleum 
a  day. 

So  far  as  determined,  aU  these  seepages  he  along  a  sharp  anticline 
whose  southern  limb  is  about  vertical  and  whose  northern  limb  dips 
inland  at  15°  to  45°.  The  exposed  rocks  consist  of  sandstone  overlain 
by  fine-textured  shale  of  Ofigocene  or  lower  Miocene  age.  No  drilling 
has  been  done  in  this  field,  so  that  there  is  no  information  at  hand  as 
to  the  underground  geologic  conditions.  Speculation  as  to  the  soiu'ce 
of  the  petroleum  is  therefore  futile. 

The  Yakataga  field  is  now  almost  inaccessible,  as  all  landings  must 
be  made  on  a  beach  exposed  to  the  fuU  sweep  of  the  Pacific.  Most 
of  the  freight  for  the  few  placer  miners  in  the  district  is  brought  from 
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Katalla  by  launch  when  the  winds  are  favorable  to  a  landing.  The 
overland  route  along  the  beach  is  difficult,  though  it  probably  could 
be  utilized  for  a  pipe  line  or  a  narrow-^age  railroad.  The  marked 
recession  of  a  glacier  at  the  east  end  of  the  field  during  the  last  few 
years  has  revealed  a  small  indentation  known  as  Icy  Bay,  in  which 
shelter  may  possibly  be  had,  though  at  present  it  is  in  part  blocked 
by  ice  cakes.  If  the  glacier  continues  to  retreat,  the  Yakataga  field 
will  probably  be  rendered  accessible.  There  is  abundant  timber 
suitable  for  structural  purposes  in  the  district. 

Oil  claims  were  sttdced  in  the  Yakataga  field  as  early  3S  1897  or 
1898,  but  none  of  them  have  been  patented.  It  is  reported  that  up  to 
very  recently  at  least  some  kind  of  assessment  work  was  done  on  these 
claims,  but  there  has  been  no  drilling.  In  1898  a  survey  for  a  pipe 
line  was  made  fcom  Controller  Bay  to  Yakataga. 

INISKIN  BAT  FIBU). 

Iniskin  Bay  is  an  indentation  about  12  miles  deep,  which,  with 
Chinitna  Bay  on  the  north,  blocks  out  an  irregular-shaped  peninsula 
on  the  west  shore  of  Cook  Inlet.  (See  PI.  IV.)  The  more  or  less 
even  shore  line  of  this  peninsula  is  broken  on  the  southwest  by  two 
small  indentations — Oil  Bay  and  Dry  Bay.  Petroleum  seepages 
have  been  found  in  thk  field  near  Iniskin,  Oil,  and  Dry  bays. 

The  bedrock  of  the  field  is  a  fine-grained  sandstone,  with  which 
are  interbedded  some  clay  shales.  Some  beds  of  conglomerate  occur 
in  the  sandstone,  one  of  which  forms  the  basal  member  of  the  forma- 
tion, and  near  the  head  of  Iniskin  Bay  this  bed  rests  on  sheared 
igneous  rocks.  The  sandstone  and  the  associated  sediments,  which 
are  of  Middle  Jurassic  age,  have  a  thickness  of  about  1,100  feet. 
They  are  overlain  by  a  shale  formation  with  intercalated  conglom- 
erate. The  seepages  occiir  in  the  eastern  limb  of  a  broad  anticline 
which  has  been  somewhat  faulted.  Drilling  has  not  gone  deep 
enough  to  indicate  whether  the  altered  igneous  rocks  underhe  the 
whole  field  as  they  do  at  the  western  margin.  The  evidence  in  hand 
points  to  the  conclusion  that  the  sandstone  is  the  source  of  the 
petroleum. 

The  field  is  readily  accessible  from  the  good  harbors  lying  both 
north  and  south.  These  are  occasionally  blocked  by  ice  floes  but  are 
usually  accessible  throughout  the  year.  There  is  some  timber  in 
the  district,  but  this  is  chiefly  of  an  inferior  quality.  Timber  could 
be  brought  from  other  parts  of  the  Cook  Inlet  repon,  however,  at 
no  great  expense. 

The  oil  seepages  of  Iniskin  Bay  appear  to  have  been  known  to  the 
Russians  before  the  acquisition  of  Alaska  by  the  United  States. 
The  first  well  was  drilled  in  this  field  near  Oil  Bay  in  1898  and  is 
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reported  to  have  reached  a  depth  of  1,000  feet.  Gas  is  said  to  havB 
heen  found  at  a  depth  of  190  feet  and  oil  at  700  feet,  with  an  esti- 
mated flow  of  50  barrela  a  day.  On  drilling  deeper  a  strong  water 
pressure  cut  off  the  flow  of  oil.  A  little  oil  and  gas  were  encountered 
in  a  second  well,  driUed  in  1904,  which  was  abandoned  at  a  depth 
of  450  feet  on  account  of  caving  of  the  shale  which  was  penetrated. 
A  third  well  near  by  was  sunk  to  a  depth  of  930  feet.  At  about  770 
feet  three  thin  oil  sands  were  pierced,  which  are  estimated  to  have 
yielded  10  barrels  a  day.  A  little  drilling  was  done  during  1905  and 
1906,  but  of  the  results  there  is  no  record.  No  work  has  been  done 
in  the  field  since  1906. 

AT.kttK-A  PEHINSni.&. 

Petroleum  seepages  on  Alaska  Peninsula  were  known  to  the 
Russians  previous  to  1869.  Occasional  references,  though  indefinite 
as  to  locahty,  are  found  in  the  earher  hterature  dealing  with  Alaska, 
but  apparently  no  thought  was  given  to  their  possible  commercial 
importance  until  the  Alaska  oil  boom  started,  about  1900.  The 
only  drilling  done  on  the  peninsula  is  at  Cold  Bay,  described  below. 
Oil  seepages  have  been  found  at  the  base  of  the  peninsula  near 
Kamishak  Bay,  west  of  Cape  Douglas,  and  reported  near  Becharof 
Lake.     The  area  between  ^ese  localities  is  not  explored. 

Cold  Bay  is  an  indentation  on  the  Pacific  shore  of  the  Alaska 
Peninsula  nearly  opposite  the  south  end  of  Kodiak  Island.  (See 
PI.  IV.)  The  adjacent  area,  which  is  untimbered,  consists  of  rounded 
hills  rising  to  altitudes  of  less  than  1,000  feet.  Above  these  rise 
some  higher  peaks,  made  up  chiefly  of  volcanic  rocks. 

The  country  rock  of  the  area  in  which  the  seepages  occur  is  a 
sandstone  and  shale  formation  carrying  a  Uttle  limestone;  it  is  of 
Middle  Jurassic  age  and  about  2,000  feet  thick.  It  is  underlain  by 
shale,  limestone,  and  chert  CTriassic)  and  overlain  by  Middle  Jurassic 
arkose  conglomerate,  sandstone,  and  shale.  The  youngest  rocks  of 
the  district  are  volcanic,  chiefly  andesite  and  basalt.  It  is  a  signifi- 
cant fact  that  the  oil-bearing  member  of  this  series  is  of  the  same  age 
as  the  oil-bearing  beds  of  the  Iniskin  Bay  field.  The  main  structural 
features  are  broad,  open  folds  whose  axes  parallel  the  coast,  trending 
about  northeast.  The  dips  of  the  strata  do  not  generally  exceed  15°. 
Some  faults  have  also  been  noted. 

There  are  a  number  of  oil  seepages  in  this  field,  some  of  which  are 
strong.     At  one  of  these  seepages  there  is  a  considerable  flow  of  gas. 

The  harbor  at  Cold  Bay  is  open  throughout  the  year,  and  the 
contour  of  the  r^on  makes  it  readily  accessihle.  There  is  no 
timber  in  the  district. 
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Two  weUs  were  drilled  in  the  Cold  Bay  field  in  1903  and  1904. 
One  of  them  reached  a  depth  of  1,500  feet  and  is  reported  to  have 
pierced  several  oil  sands.  No  drilling  has  heen  done  in  this  field 
since  1905. 

ABCnO  COAST. 

E.  de  K.  Lefflngwell,  who  spent  several  years  exploring  the  north 
coast  of  Alaska,  has  reported  the  occurrence  of  petroleum  residue 
about  100  miles  east  of  Point  Barrow.  (See  PI,  I,  in  pocket.)  Mr. 
LefBngweU  describes  this  material  as  occurring  near  Smith  Bay,'  in  a 
mound  several  hundred  yards  in  diameter  and  standing  about  150 
feet  above  the  level  of  the  tundra.  It  contains  considerable  vege- 
table matter  and  silt,  but  appears  to  be  the  residue  of  a  petroleum 
containing  an  asphaltic  base.  Nothing  is  known  of  the  geology  at 
this  locality,  but  in  the  general  province  in  which  it  occurs  there  is  a 
series  of  horizontal  Tertiary  sediments  overlying  gently  folded 
Mesozoic  sedimsnts. 

An  oil  seepage  is  reported  to  have  been  discovered  in  1914  near 
Wainwright  Inlet,  about  100  miles  west  of  Smith  Bay.  If  this  report 
is  Irue  it  HU^ests  that  there  may  be  an  easl>-west  oil-bearing  bdt 
traversing  this  part  of  the  Arctic  coastal  plain.  Both  Smith  Bay  and 
Wainwright  Inlet  are  shallow  l^oons  that  are  locked  in  ice  for  at  least 
10  months  of  the  year.  Even  if  an  oil  pool  were  found  in  this  north- 
em  field,  the  conditions  of  transportation  would  prohibit  present  com- 
mercial development. 

OHAItAOTEB  OF  THE  PBTROISTTH. 

Alaskan  petroleum,  so  far  as  its  quality  is  known,  is  a  refining  oil 
similar  to  that  of  Pennsylvania,  and  has  a  high  percentage  of  volatile 
compounds,  a  paraffin  base,  and  but  little  sulphur.  The  accompwiy- 
ing  table  will  serve  to  indicate  the  quahty  of  the  oil  from  the  Katalla, 
Yakataga,  Tniskin,  and  Cold  Bay  fields.  All  the  samples  from  the 
Yakataga,  Cold  Bay,  and  Tniskin  fields  and  part  of  those  from  the 
Eatalla  field,  however,  are  from  seepages  in  which  there  has  been 
some  loss  of  the  volatile  compounds. 

tBn»ki,  A.  H,  TbamlnJucliidiiatirlorAlukalliiiece;  U.S.  Oeol.  SnrTey  Bnll.  3n,  pp.  111,02,  IWR. 
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Summaiy  of  anali/ta  and  Utt*  of  Katalla  and  Yhiataga  petretettm. 
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The  distillation  o(  the  lubricating  oib  under  diminished  pressure,  coireepondiiig  to 
reliDery  practice,  was  carried  on  until  signs  of  decompoBition  set  in.  The  resulting 
residue  was  unsuitable  for  making  cylinder  stock  and  was  therefore  distilled  for  paraffin 
oils.  These  paraffin  oils  contain  a  considerable  quantity  of  solid  paraffin.  It  wus  not 
practicable  to  detennine  the  amount  of  the  material  with  the  small  amount  of  oil  at 
our  disposal. 
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The  iodi&e  abeorption  of  the  oils  uid  diotillatea  has  heen  detenoined  by  Hanua'e 
method  (aolutlDn  Btauding  4  houn),  »nd  is  here  tabulftted: 


OUBar. 

Cold  Bar. 

ESS5f.^iL- 

v*"» 

Dtoriodloe.. 

as.8 

1T.3 

T             r 

These  iodise  numbeie  upon  th«  lubricatiiig  oils  were  obtained  upon  the  aamplee. 
For  compfuimQ,  samplee  of  aimiUr  oils  were  obtained  from  the  Standard  Oil  Co.,  and 
the  iodine  numbers  detennined  as  follows: 

Light  distilled  lubricating  oil  (spindle  oil) . .  .per  cent  oModine..    32 
Dark  lubricating  oil  (engine  oil) do 45.4 

The  burning  oils  were  tested  in  a  email  lamp  and  found  to  give  a  good  flame.  All 
the  oil  was  consumed  without  incrusting  the  wick  or  corroding  the  burner. 

The  sample  of  crude  oil  from  Cold  Bay  was  distilled  in  such  a  way  as  to  give  the 
maximum  yield  of  burning  oil;  under  these  conditions  52.2  per  cent  of  fair  quality 
burning  oil  waa  obtained. 

The  oils  are  entirely  similar ;  both  have  paraffin  bases,  and  the  products  of  distillatitn 
are  "sweet."  We  are  informed  that  these  samples  are  "seepage  oils. "  If  a  sufficient 
yield  <!an  be  obtained  by  drilling  a  very  suitable  oil  for  reGnery  purpoaes  may  be 
expected,  containing  a  very  much  larger  quantity  of  the  more  desirable  lighter 
products. 

StnOKABT  AND  CONOLtTSIOIirB. 

The  Katalla  field  is  a  region  of  closely  folded  and  faulted  Tertiary 
rocks,  possibly  comparable  inits  structure  to  theCalifomiafields.  Much 
of  the  drilling  in  this  field  was  done  without  any  regard  to  geologic 
structure,  and  but  few  good  logs  are  available.  The  presence  of  oil 
is  indicated  by  the  success  achieved,  but  it  will  require  further  drilling 
to  determine  the  presence  or  absence  of  lai^e  pools.  At  Yakat^a 
the  structure  of  the  oil-bearing  f onaation  appears  to  be  much  simpler, 
and  it  ought  to  be  possible  to  test  the  field  withoilt  a  very  large 
amount  of  drilling. 

In  both  the  Iniskin  and  Cold  Bay  fields  Middle  Jurassic  sandstone 
forms  the  country  rock  in  the  oil-lmanng  area.  The  open  folding 
should  be  favorable  to  oil  pools ;  on  the  other  hand,  some  faulting  has 
been  observed.  There  is  reason  to  believe  that  the  oil-bearing  fonn&- 
tioa  found  in  theee  two  fields  may  have  a  wider  distribution  in  the 
Alaska  Peninsula.  Whether  it  carries  petroleum  at  other  locaUties 
has  not  been  determined.  On  the  whole,  there  is  good  hope  of 
finding  petroleum  in  the  Alaska  Feninsala. 

As  the  Alaskan  petroleum  is  a  refining  oil  similar  to  that  of  Fenn- 
sylvuiia  it  should  be  able  to  compete  with  the  product  from  Cafi- 
fomia  in  spite  of  the  higher  cost  of  operation.  The  high  ccst  is  due 
in  part  to  conditions  of  transportation  which  it  is  possible  to  improve 
The  present  market  for  petroleum  of  the  Alaskan  grade  justifies  the 
systematic  prospecting  of  the  more  accessible  fields  of  the  Territory. 
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This  work  will  of  course  not  be  tmdertaken  until  Alaskan  oil  lands  are 
thrown  open  to  exploitation.  Meanwhile  large  quantities  of  petro- 
leum and  petroleum  products  are  annually  shipped  to  Alaska,  as 
shown  by  the  following  table.  The  total  value  of  the  shipments  of 
petroleum  and  petroleum  products  to  Alaska  was  (1,277,319  in  1916 
and  9904,369  in  1915.' 
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STRTJCTURAL  MATERIAL,  ETC. 

One  large  marble  quarry  was  operated  in  1916  at  Tokeen,  in  the 
Ketchikan  district,  and  asmall  one  in  the  Wrangell  district.  Gypsum 
mining  on  Chichagof  Island,  Sitka  district,  continued  on  about  the 
same  scale  as  in  the  previous  year.  Work  was  continued  on  a  barite 
deposit  located  at  Lime  Point,  on  the  west  side  of  Prince  of  Wales 
Island.'  The  construction  of  a  reduction  plant  for  thb  mine  was 
begiu  at  Sulzer'in  1916.  Assessment  work  was  done  on  a  barite 
deposit  in  the  Wrangell  district.*  No  barite  was  shipped  from  Alaska 
in  1916,  Development  work  was  continued  on  two  graphite  depos- 
its— one  belonging  to  the  Uncle  Sam  Alaska  Mining  Syndicate  and 
the  other  to  the  Alaska  Graphite  Co. — in  the  Kigluaik  Mountains, 
5  to  10  milee  south  of  the  Imuruk  Basin.^  Though  no  graphite  was 
shipped,  there  was  a  considerable  production.  The  Alaska^raphite 
Co.  has  built  a  wharf  at  tidewater  and  in  1916  brought  in  a  caterpillar 
tractor  to  haul  the  graphite  from  the  mine.  The  truck  did  not 
arrive  in  time  for  use  during  1916. 

■  Itonthlj'  Snmiiury  of  Foralin  Conuiwrca  of  the  tTultcd  States,  Deeamber,  191B,  p.  7S,  IVI7. 

■ChiplD,  Tluodon,  Ulnlng  developinents  In  Boutbeastem  AUsks:  U.  S.  Qeol.  Burvtj  Bull.  641,  p. 
IM,  ISIS. 

■Baroluid,E.  F.,  A  baiiledepoaltn«(tr  Wnngall:  TI.  S.  Oeol-Surre;  Bult.sn.pp.  toe-117, 1014. 

•SmiCb.  P. S.,lDvastleaU«uil[theiilbunldap<isltsal Seward Psnliuula:  U.S.  asoLSarray  Bull. 345, 
p.  ISO,  1008;  BeoMit  deralopmenti  In  soulharn  Seward  Panlnaula:  U,  8.  Oacj.  Surrar  Bull.  ITV,  pp. 
300-301,  IKW. 
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REVIEW  BT  DISTRICTS. 

The  snbjoined  review  is  intended  to  Biumuarize  briefly  the  princi- 
pal  deTelopmeuts  in  all  the  districts.  Owing  to  the  faihire  of  some 
operators  to  make  reports,  the  information  at  hand  about  mining 
in  some  of  the  districts  is  scant,  and  some  are  treated  at  greater  length 
in  other  sections  of  this  volume.  The  space  here  devoted  to  any 
district  is  therefore  not  neceeearily  an  indication  of  its  relative  im- 
portance. The  arrangement  is  geographic,  from  south  to  north. 
BOtTTHEASTBBH  AT.kttrA 

!E>ight  gold  lode  mines,  nine  copper  mines,  three  placer  mines,  two 
marble  quarries,  and  one  gypsum  mine  were  operated  in  south- 
eastern Alaska  in  1916.  The  value  of  the  mineral  production  from 
these  mines  is  as  follows:  Gold,  $5,524,940;  copper  (3,526,700 
pounds),  $867,570;  silver,  marble,  lead,  gypsum,  etc.,  $639, 500; 
total,  $7,032,010.  la  1916  minerals  to  the  value  of  $6,090,571  were 
produced  in  southeastern  Alaska. 

As  in  the  past,  much  the  largest  mining  operations  were  in  the 
Juneau  district.  All  the  productive  copper  mining  of  southeastern 
Alaska  was  in  the  £^chikan  district,  but  there  was  some  prospecting 
for  copper  in  the  Wrangetl  district.  Placer  mining  in  1916  was 
limited  to  the  Porcupine  district.  Mining  developments  in  all  these 
districts  are  described  elsewhere  in  this  report. 

The  Chichagof  gold  mine  continued  to  be  the  only  productive 
property  in  the  Sitka  district  during  1916.  Its  workings  include  two 
shafts  1,020  and  820  feet  deep,  a  3,900-foot  adit,  and  11,650  feet  of 
drifts.  Of  these  workings  5,250  feet  was  opened  in  1916.  The  20- 
stamp  mill  was  operated  the  entire  year;  the  lO-stamp  mill,  owing  to 
shortage  of  water  power,  only  for  236  days. 

At  the  near-by  Hurst  property  two  adits,  aggregating  some  400 
feet  in  length,  have  been  driven.  The  developments  in  1916  con- 
sisted in  the  driving  of  crosscuts  on  the  lower  level.  A  lode  deposit 
about  17  mike  north  of  the  Chichagof  mine,  near  Pinta  Cove,  was 
opened  by  the  Juneau  Sea  Level  Copper  Mining  Co.  A  specimen  of 
ore  received  from  the  owners  of  this  property  showed  it  to  be  pyrrho- 
tite  with  chalcopyrite.  Besides  copper  the  owners  report  the  ore  to 
cany  both  nickel  and  a  small  amount  of  cobalt.  In  1916  a  shaft 
was  sunk  on  the  deposits  to  a  depth  of  75  feet  and  a  crosscut  driven 
for  75  feet,  which  is  said  to  reveal  a  lode  27  feet  wide.  This  deposit 
has  not  been  examined  by  any  Survey  geologist. 

TAEUTAT  AND  XJTITTA  BAT  BBQIOK. 

.  As  in  the  past,  gold  beach-placer  mining  continued  in  a  small 
way  in  the  Takataga  district  during  1916.  Beach  placers  were  first 
found  at  Lituya  Bay  in  1886  and  were  mined  for  a  niunber  of  years 
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by  means  of  rockers.  This  region  is  so  difficult  of  access  that  it  has 
of  late  attracted  but  few  prospectors,  but  in  1916  there  was  some 
revival  of  interest  in  this  field.  Only  a  brief  statement  about  this 
region  has  been  published  by  the  Survey,'  and  as  this  is  in  a  publi- 
cation now  out  of  stock  it  is  here  reprinted: 

Lituya  Bay  fonoB  a  deep  indentation  in  tbe  coast  line  60  milee  to  tbe  northwest  of 
Croea  Sound.  Although  it  ia  an  excellent  harbor,  a  bar  compoeed  of  large  boulders 
and  gravel  waah  almost  locks  the  entrance,  and  through  the  boat  channel,  which  is 
but  100  feet  in  width,  the  tide  rushes  at  great  velocity,  so  that  it  is  dangerous  to  enter 
eicept  at  alack  water  during  calm  weather. 

The  lowlands  flanking  the  abrupt  mountain  alopee  at  the  head  of  the  bay  are  com- 
posed of  Pliocene  conglomerate  and  shale  beds  carrying  narrow  seams  of  coal,  the 
latter  of  no  commercial  importance.  These  strata  overlie  a  belt  of  slates  and  green~ 
stones,  which  in  turn  overlie  the  metamort^ic  schists  exposed  along  the  precipitous 
shore  at  the  head  of  the  bay.  The  mountain  range  in  t^e  background  is  composed 
essentially  of  an  intrusive  granodiorite.  Indications  of  mineralization  were  observed 
in  these  schists  bordering  the  granite  belt,  and  from  them  the  placer  gold  occurring 
in  the  beach  sands  along  the  coast  is  supposed  to  have  originated. 

The  auriferous  beach  sands  are  distributed  along  the  Pacific  shore  to^the  northwest 
of  the  hay  for  a  distance  of  about  10  milee,  and  similar  occurrences  are  reported  at 
Yakutat.  These  auriferous  deposits  consist  of  black  and  ruby  sands,  occurring  in 
layers  tiom  a  few  inches  to  a  few  feet  thick  and  extending  in  places  for  100  yards 
back  from  tidewater.  The  black  or  magnetite  sands  are  by  far  ibe  richest,  and  a 
pan  t«st  gave  numerous  fine  colors  ranging  from  a  fraction  of  a  cent  to  several  cents 

At  a  point  4  miles  northwest  of  Lituya  Bay  a  river  whidi  flows  nearly  parallel  with 
the  shore  for  about  3  miles  enters  the  ocean,  and  here  the  fine  wash  which  is  derived 
from  the  mountain  streams  and  carried  in  suspension  ia  deposited  by  the  counterac- 
tion of  the  surf  against  the  stream  current.  During  periods  of  hi^  tide  and  storms 
these  aurilaious  sands  are  concentrated  by  the  waves  in  layers  hi^  up  on  the  beach. 
Since  1S90  these  depoeita  have  been  worked  at  intervals  and  are  reported  to  have 
produced  in  1891  115,000.  In  later  years  even  higher  returns  are  said  to  have  been 
obtained,  but  no  authentic  statements  could  be  procured. 

In  1901  the  Lituya  Bay  Gold  Uining  Co.  built  a  large  warehouse  and  flumes  and 
installed  machinery  to  conduct  laige-scale  operations,  but  the  limited  extent  of  the  pay 
streaks  and  lack  of  ne«r-by  water  for  power  and  hydraulicking  purposes  jH^vented 
it  from  furthering  the  work  to  a  aucceeshil  outcome.  Small  parties  of  miners,  however, 
at  different  periods  have  worked  these  deposits  with  shovel,  sluice  box,  and  rockers 
to  good  advantage  and  report  that  the  auriferous  beds  yielded  from  $5  to  SIO  a  day  per 
man.  The  presence  of  gold  in  these  sands  appears  to  warrant  a  thorou^  prospecting 
of  the  mineral-bearing  schiats  which  traverse  the  head  of  Lituya  Bay  and  parallel 
the  coaat  line. 

It  is  reported  that  in  1916  a  number  of  beach  miners  worked  in 
the  Lituya  Bay  r^on,  and  that  some  gold-bearing  gravels  have 
been  foimd  in  the  streams  tributary  to  Lituya  Bay.  As  it  also 
appears  to  be  pretty  definitely  established  that  some  of  the  beach 
sands  carry  a  little  platinum,  further  prospecting  is  justified. 

>  Wrigbt.F.E.  and  C.W.,  Lode  mining  la  wuUieesteiii  Alsaka:  U.S.Ocol.  Survey  Boll.  3U,pp.U-6£, 
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COFFBB  BIVEB  BEOION. 

Mining  in  the  Copper  River  r^on  during  1916,  as  in  the  preceding 
year,  included  the  dcTelopment  of  copper  mines  in  the  Kotsina- 
Chitina  copper  helt  and  placer  mining  in  the  Nizina  and  Chitina 
districts.  There  was  also  some  prospecting  of  gcdd  lodes  and  jdacers 
in  the  Tiekel  district  and  a  Uttle  placer  mining  in  the  Bremner  and 
Nelchina  districts.  The  copper  production  of  this  region  was  much 
larger  than  in  the  previous  year.  Three  mines — the  Bonaoza- 
K^inecott,  Jumho-Kennecott,  and  Mother  Lode— were  operated 
on  a  productive  hasis  throughout  the  year,  but  shipments  from  the 
Mother  Lode  were  limited  to  the  winter.  Considerable  development 
work  was  done  on  haJf  a  dozen  other  copper  properties,  and  at 
several  some  ore  was  incidentally  mined.  Some  of  this  ore  will  be 
sledded  to  the  railroad  during  the  winter,  but  none  is  directly  acces- 
sible in  the  summer.  In  addition  to  systematic  development  assees- 
ment  work  was  done  on  a  number  of  other  copper  claims.  On  the 
whole  there  was  far  more  mining  development  in  the  copper  belt 
than  in  the  precedii^  year.  A  specimen  of  ore  carrying  nickel,  said 
to  be  from  Spirit  Mountain,  in  the  lower  Copper  River  region,  was 
received  by  the  Survey.  Details  r^arding  mining  in  the  copper 
belt  and  in  the  auriferous  deposits  of  the  Tiekel  River  region  are 
presented  in  another  part  of  this  volume  by  F.  H.  Moffit. 

About  30  placer  mines  were  operated  in  the  Copper  River  basin 
in  1916,  employii^  180  men,  and  these  produced  gold  to  the  value 
of  S290,000.  Seven  hydraulic  plants  were  operated  in  the  Nizina 
district,  of  which  one,  at  the  mouth  of  Rex  Creek,  was  installed 
during  1916.  As  in  the  past,  the  largest  mining  operations  were  on 
Chititu  Creek  and  its  tributaries  and  on  Rex  Creek.  In  the  Chjsto- 
cbiua  district  two  hydraulic  placer  mines  were  operated.  Each  of 
these  was  equipped  with  three  giants,  one  being  used  to  remove 
tailings.  One  of  these  plants,  on  the  West  Fork  of  the  Chiatochina, 
was  built  in  1916,  It  is  suppUed  with  water  brought  through  4,000 
feet  of  ditch  and  flumes.  Drilling  was  done  for  testing  dredging 
ground  on  a  group  of  claims  on  Jackpot  Creek,  at  the  head  of  the 
Chistochina,  The  largest  operations  in  the  Chistochina  district 
■were  on  Slate  Creek,  on  the  West  Fork  of  the  Chistochina,  The 
discovery  of  platinum  in  the  Slate  Creek  placers  is  mentioned  on 
page  22. 

Some  prospecting  was  done  during  1916  on  copper  deposits  on 
Rainy  Creek,  a  tributary  to  the  upper  Delta  River.  This  deposit 
actually  lies  within  the  Yukon  basin,  but  as  it  is  most  accessible  from 
the  Copper  River  side  of  the  divide,  it  is  proper  to  refer  to  it  under 
this  heading.  The  deposits  are  reported  to  be  extensive  but  to  carry 
only  small  amounts  of  copper  with  a  little  gold.  One  specimen 
obtained  from  A,  H.  McNeer  showed  the  rock  to  be  a  mineralized 
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diorite  carrying  several  sulphides,  including  ch&lcopyrite  and  possiUy 
pyrrhotite.  Another  specimen  from  the  same  source  proved  to  he 
a  metamorphic  rock,  possibly  an  altered  limestone  made  up  of 
epidote,  garnet,  chlorite,  and  disseniinated  solphidee.  To  judge  from 
these  two  specimens  the  ore  seems  to  be  of  contact-metamorphic 
origin. 

PBIHCB  WILUAK  BOnHS. 

The  value  of  the  total  mineral  production  of  Prince  William 
Sound  in  1916  was  {2,975,263,  compared  with  11,340,996  in  1915. 
Eight  copper  mines  and  ten  gold  mines  and  prospects,  large  and  small, 
were  operated  during  the  year.  As  in  the  past,  the  tonnage  of  gcJd 
ore  mined  was  very  small  compared  with  that  of  copper  ore.  The 
Beatson-Bonanza,  Ellamar,  and  Midas  mines  were  the  largest  copper 
producers,  and  the  Granite  and  Bamsay-Butherford  mines  the  largest 
lode-gold  producers.  There  was  a  revival  of  interest  during  the 
year  in  the  auriferous  lodes  of  the  McKinley  Lake  district,  which 
is  not  far  from  the  railroad  and  about  20  miles  from  Cordova.  Plans 
were  made  for  systematic  prospecting  in  this  field.  Details  regard- 
ing mining  on  Pnnce  Wilham  Sound  are  presented  in  another  chapter 
of  this  volume. 

KBNAi  FENnrsm.A. 

The  improvements  made  during  1916  on  the  old  Alaska  Xorthran 
Bailroad,  now  in  Government  ownership,  have  stimulated  prospectii^ 
in  Kenai  Peninsula.  This  railroad,  leading  inland  from  the  town 
of  Seward,  traverses  the  northeastern  part  of  the  peninsula,  and  when 
connection  is  made  with  the  railroad  at  Anchorage  will  be  part  of 
the  throi^h  hne  from  the  Pacific  seaboard  to  Fairbanks.  Wagon 
roads  and  trails  connect  the  railroad  with  the  principal  localities 
of  gold  mining  on  Kenai  Peninsula. 

Thou^  work  was  done  on  a  number  of  large  placer-mining  proj- 
ects during  1916,  there  was  no  increase  in  placer  production  as 
compared  with  the  previous  year.  Gold-lode  mining  was  limited  to 
development  work  on  a  number  of  properties  besides  those  on  which 
only  the  required  assessment  work  was  done.  Incidental  to  this 
development  some  ore  was  recovered  and  treated  in  several  small 
mills  and  arrastres. 

Betums  from  the  placer  mines  of  Kenai  Peninsula  are  not  com- 
plete at  this  writii^.  The  best  information  available  indicates  that 
the  placer-gold  output  in  1916  had  a  value  of  about  $70,000,  or  the 
same  as  that  of  1915.  This  was  produced  chiefly  from  about  15 
mines,  employing  about  100  men.  The  lai^iest  operations  were  on 
Crow  and  Resurrection  creeks.  Of  the  total  number  of  mines,  six 
were  operated  by  hydraulic  methods.  Considerable  work  prepar- 
atory to  hydraulic  operations  was  done  on  claims  on  Canyon,  Lynz, 
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and  Bear  creeks.  Seven  lode  properties  on  Kenai  Peninsula  pro- 
duced about  700  tons  of  ore,  which  yielded  gold  to  the  value  of  about 
$17,000.  The  prox>erty  of  the  Kenai  Alaska  Gold  Co.  was  leased  and 
operated  for  a  part  of  the  season.  A  lease  was  taken  on  the  Primrose 
mine,  some  developments  made,  and  a  little  OFe  treated  in  a  small 
mill  installed  during  1916.  The  Lucky  Strike  mine  was  operated 
on  a  small  scale  from  Jime  to  October.  Work  was  continued  on  an 
adit,  which  was  driven  to  a  length  of  150  feet.  The  ore  was  treated 
in  a  1-stamp  prospecting  null.  Some  work  was  done  at  the  Grant 
Lake  mine,  and  the  ore  was  treated  in  an  arrastre.  Arrastres  were 
also  used  in  treating  ore  from  the  Whistler  and  Gilpatrick  properties. 
Considerable  work  was  done  on  the  James  and  Konan  claims,  in  the 
Moose  Pass  district,  and  the  ore  was  treated  in  an  arrastre.  Some 
preliminary  work  was  also  done  at  the  old  Skeen-Lechner  mine,  with 
a  Tiew  to  making  it  productive.  It  is  reported  that  an  auriferous 
quarts  lode  has  been  discovered  near  Tustumena  Lake  and  developed 
bj  a  100-foot  adit.  It  is  also  reported  that  a  promising  ledge  located 
on  Palmer  Creek  has  been  developed  by  an  open  cut.  The  ore  is 
said  to  carry  free  gold,  sulphides,  and  considerable  galena. 

COOK  INXJET. 

In  1916  productive  mining  on  Cook  Inlet  was  practically  confined 
to  the  Bluff  Point  coal  mine,  on  the  west  side  of  Kenai  Peninsula, 
to  which  reference  is  made  on  page  25,  and  to  the  development  of 
the  placers  on  Lewis  River,  inddentally  to  which  a  httle  gold  was 
produced. 

It  has  long  been  known  that  auriferous  gravels  occur  on  some 
of  the  streams  tributary  from  the  northwest  to  the  upper  part  of 
Cook  Inlet.  In  1902  an  unsuccessful  attempt  was  made  to  mine 
the  gravels  on  Beluga  River  by  hydraulic  methods.  The  project 
was  badly  managed,  and  its  failure  may  have  been  due  to  this  fact. 
In  1909  some  drilUngfor  drei^ng  ground  was  done  on  Beluga  River, 
the  results  of  which  are  not  known,  but  no  dredge  was  installed. 
Several  years  ago  some  excitement  was  caused  by  the  discovery  of 
placer  gold  on  either  Lewis  or  Theodore  River.  The  excitement  soon 
died  out,  but  prospecting  continued  in  this  region. 

The  g6<>l<^;y,  so  far  as  known,  is  simple.'  The  group  of  highlands 
vliich  lies  west  of  the  lower  Susitna  River,  and  of  which  Mount  Su- 
utna  is  the  highest  peak,  are  made  up  chiefly  or  entirely  of  grano- 
diorite.  It  is  in  this  highland  area  that  the  gold-bearing  streams 
rise.  In  this  general  province  the  margins  of  the  granodiorite  masses 
are  favorable  localities  for  the  occurrence  of  mineralization.  A  belt 
of  Tertiary  sediments  made  up  of  conglomerates,  sandstones,  and 
shales  trends  northeast  from  Tyonek.     This  passes  under  gravels 


Mfti.A.B.  The  Momit  McKlnlBy  regton;  U.  S.  Oeol.  Suryey  Prol.  P^im  70,  pp.  »5,  lO,  pi.  9, 
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but  has  been  recognized  on  Beluga  River.  The  reports  of  prospec- 
tors indicate  that  the  same  formation  stretches  underneath  the  gravd 
sheet  northeast  of  the  Beluga  and  occurs  on  the  flanfes  of  the  Susitna 
highland.  These  are  probably  the  rocba  which  the  prospectors 
describe  as  "cement  gravels."  Some  gold  of  the  placers  of  the  Yentna 
district  has  been  found  resting  on  similar  rocks. 

Back  of  Tyonek  and  near  Beluga  River  the  Tertiary  rocks  are 
for  the  most  part  deeply  buried  in  terrace  gravels.  The  mai^in  of 
this  gravel  sheet  is  marked  by  a  scarp  which  skirts  the  shores  of 
Cook  Inlet  from  Tyonek  to  BeJuga  River,  then  trends  inland.  This 
scarp  has  not  been  traced  very  far  beyond  Beluga  River,  but  prob- 
ably crosses  Theodore  River  about  10  miles  from  the  coast.  The 
upper  gravels  of  Lewis  River,  referred  to  below,  are  probably  an 
easterly  extension  of  the  same  formation. 

The  following  notes  on  Lewis  River  are  based  largely  on  informa- 
tion furnished  by  Mr.  Samuel  E.  Wagner.  In  1916  the  "^iniig  devel- 
opments were,  so  ffu:  as  known,  all  on  Lewis  River,  which'  flows  into 
Cook  Inlet  a  few  nules  west  of  the  Suaitna  River  delta.'  Lewis  River 
is  reported  to  be  about  25  miles  in  length  and  to  include  auriferous 
gravels  along  about  5  miles  of  its  course.  The  mouth  of  the  river  can 
easily  be  reached  by  launch  from  Anchorage,  only  40  miles  distant. 
Good  timber  is  abundant  in  this  region. 

Lewis  River  is  described  as  heading  in  a  broad,  flat  basin  about  2 
miles  wide.  Here  the  country  rock  is  reported  to  be  granite.  Below 
this  basin  the  walls  converge  and  mark  a  well-defined  valley  which 
continues  for  4  or  5  miles  downstream  to  the  point  where  the  river 
debouches  on  an  alluvial  coastal  plain,  10  miles  from  Cook  Inlet. 
The  developed  claims  lie  chiefly  in  the  constricted  portion  of  the  val- 
ley, and  hero  the  river  is  said  to  have  sufficient  grade  for  placer 
mining. 

In  1916  some  drilhng  for  placer  ground  was  done  near  the  edge  of  the 
flats  where  Lewis  River  reaches  the  plain.  Here  36  holes  are  reported 
to  have  been  sunk  and  bedrock  to  have  been  reached  at  a  depth  of  12  to 
22  feet.  The  character  of  the  bedrock  was  not  learned.  For  about 
2  miles  above  the  fiats  this  bedrock  of  the  river  is  said  to  be  "cement 
gravel,"  which  is  probably  s  Tertiary  gravel.  In  this  stretch  of  the 
river  the  gravels  are  said  to  range  in  thickness  from  more  than  15  feet 
near  the  flats  to  about  3  feet  2  miles  above.  On  the  Daisy  and  Bessie 
claims  a  small  hydraulic  plant  was  installed  in  1916,  water  being  pro- 
vided by  a  ditch  about  1 ,500  feet  long.  The  gold  here  mmed  is  coarse 
and  rough,  one  $3  nugget  having  been  found.  Above  the  belt  of  con- 
glomerate the  valley  walls  are  made  up  of  granite,  but  bedrock  has  not 

■  It  Is  not  oertaln  that  tb«  rirar  nuikod  u  Lewb  cm  official  maps  Is  Chs  one  so  ouned  b;  tha  prasptiAiia 
H  may  b«tli«t the" LowfaRlTW"ol the  pro«pectore  lithe  one  called  "Theodora  River"  on  tbo  maps. 
Sea  Topographlo  reeonn»a»Hiro  m^  or  Keml  FenlnsulK  V.  3.  Oeoi-  Stirvey  Bull.  SSI,  pi.  3,  IBIS. 
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been  reached  by  mining  operations.  On  the  Granite  claim,  in  this 
granite  belt,  an  open  cut  was  made  to  a  depth  of  IS  feet  but  did  not 
reach  bedrock,  lite  upper  part  of  the  alluvium  is  coarse  gravel,  and 
below  is  finer  material  in  which  good  prospects  are  said  to  have  been 
found.  The  gold  is  fine  but  angular,  and  the  large  pieces  have  quartz 
attached  to  them.  The  owner  of  the  claims  believes  that  there  is  a 
deep  channel  here  and  is  directing  development  work  toward  its  dis- 
covery. The  same  general  conditions  are  beheved  to  hold  in  the  re- 
mainder of  the  gold-bearing  zone,  which  has  been  traced  only  to  the 
upper  basin  already  mentioned. 

Development  work  was  done  in  1916  on  about  eight  placer  mines 
on  Lewis  River,  besides  the  drilling  on  the  Sats.  About  30  men  were 
engaged  in  this  work.  Most  of  the  development  has  not  gone  beyond 
the  prospecting  stage,  but  over  $2,000  worth  of  gold  was  won  inci- 
dentally to  these  operations.  The  gold  is  reported  to  hare  a  value 
of  $18.66  an  ounce. 

AITCHOBAGE-UATANUBKA  BEOIOir. 

The  only  productive  mines  in  the  Matanuska  region  during  1916 
were  the  two  small  coal  mines  referred  to  on  page  25.  A  low-grade  do- 
posit  of  chalcopyrite  ore  has  been  found  on  Moose  Creek,  about  8  or  9 
miles  from  Matanuska,  and  similar  deposits  are  sold  to  have  been 
found  on  King  River.  It  has  long  been  known  that  there  was  some 
mineralization  along  the  mai^in  of  the  granodiorite  mass  of  the  Tal- 
keetjia  Mountains.  It  would  therefore  not  be  surprising  if  metallif- 
erous lodes  were  found  in  this  re^on.  This  mineraUzed  area  has  a 
similar  geologic  position  to  that  of  the  lodes  of  the  Willow  Creek  dis- 
trict. In  the  Willow  Creek  area,  however,  the  chief  metal  of  the  ores 
is  gold,  while  in  the  Talkeetna  area  it  is  copper.  There  is  an  uncon- 
firmed report  of  the  finding  of  some  tin  ore  in  the  basin  of  Eklutna 
River,  tributary  to  the  upper  part  of  Knik  Arm. 

WILLOW  CBSEE  DISTRIOT. 

There  was  much  activity  in  the  Willow  Creek  lode  district  during 
1916.  Developments  there  were  stimulated  both  by  the  success 
achieved  in  several  mining  ventures  and  by  the  fact  that  railway  con- 
struction in  1917  will  make  the  district  readily  accessible  from  the 
town  of  Anchorage. 

Though  much  more  development  work  was  done  than  in  the  pre- 
ceding  year,  most  of  the  mines  had  not  reached  a  productive  basis. 
Four  lode  mines  were  operated  in  1916  and  milled  12,180  tons  of  ore, 
yielding  $299,183  worth  of  gold  and  $966  worth  of  silver.  About  150 
men  were  employed  in  these  mines.  A  little  gold  was  also  recovered 
in  1916  from  placers  of  Willow  Creek  incidentally  to  the  annual  a 
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ment  work.  In  1915  three  lode  mines  were  operated  in  the  Willow 
Creek  district  and  produced  6,717  tons  of  ore  from  which  gold  was 
recovered  to  the  value  of  $247,267. 

Tbe  Alaska  Free  Gold  mine  was  operated  from  May  to  Octoher. 
It  is  reported  that  ore  waa  found  on  the  Tomboy  lode  100  feet  below 
the  old  workings.  The  property  is  equipped  with  two  Chilean  mills, 
two  crushers,  and  a  cyEuiide  plant.  Water  power  is  used,  supple- 
mented by  a  gasoline  engine. 

The  Independence  mine  was  operated  from  May  to  September. 
Underground  development  during  the  year  consisted  principally 
iu  the  driving  of  a  300-foot  adit  designed  to  crosscut  the  ore  body 
in  depth  and  a  new  tram  built  to  connect  the  lower  level  with  the 
mill,  The  equipment  consists  of  a  Chilean  mill,  a  crusher,  and 
concentrating  tables. 

The  Grold  Bulhon  mine,  equipped  with  a  12-stamp  mill,  concen- 
trating tables,  and  oyuiide  plant,  was  operated  from  June  to  Octoher. 
About  1,500  feet  of  undei^round  work  was  done  during  1916.  This 
consisted  chiefly  of  adits,  crosscuts,  and  raises  located  for  the  purpose 
of  blocking  out  ore. 

An  adit  was  driven  on  the  Mabel  mine  for  a  distance  of  150  feet, 
and  some  ore  was  treated  in  a  small  Chilean  mill  installed  on  the 
property  in  1915.  It  is  reported  that  a  molybdenite-bearing  vein 
was  discovered  near  the  Mabel  claim  in  1916. 

The  Talkeetna  Minii^  Co.,  successor  to  the  Matanuska  Mining 
Co.,  in  1916  drove  four  adits  on  its  property,  ^gr^ating  about  140 
feet  in  length,  besides  tracing  the  lode  by  open  cuts.  Preparations 
were  made  for  installing  a  Clulean  mill  in  1917.  In  addition  to  that 
recorded  above  oonsiderable  prospecting  and  development  work,  the 
details  of  which  are  lacking  at  this  writing,  was  done  in  the  WiUow 
Creek  district. 

TBHTHA  DI8TSI(7T. 

The  most  unportant  event  of  the  year's  mining  in  the  Yentna 
placer  district  was  the  installation  of  a  dredge  on  Cache  Creek. 
The  material  for  this  dredge  was  brought  up  Susitna  and  Yentna 
rivers  to  McDougal  in  the  fall  of  1915  and  then  sledded  to  Cache 
Creek  during  the  following  winter.  The  dredge  '  was  operated 
from  July  9  to  October  1.  It  is  equipped  with  65  close-connected 
buckets,  each  having  a  capacity  of  7  cubic  feet,  and,  as  thus  equipped, 
can  dig  30  feet  below  the  water  line.  The  dredge  has  a  daily  capacity 
of  3,000  cubic  yards,  but  in  view  of  the  shallowness  of  the  ground, 
the  average  depth  being  only  6  feet,  it  is  expected  by  the  management 
that  an  average  of  only  2,000  cubic  yards  will  be  attained.  The 
dredge  is  equipped  with  a  250-horsepower  tubular  boiler.     A  peculiar 

'  Smith,  Samnra,  Ths  Ooht  Cnek  diedce:  Hiii,  and  Scl.  Pras,  vol.  Ill,  pp.  <I|».«M,  IHS. 
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feature  of  the  dredge  is  that  fuel  is  provided  from  a  lignitio  coal  bed 
near  by.  Thia  is  ^  only  dredge  in  Alaska  which  utilizes  local  coal. 
Some  boulders  hare  been  encountered  in  the  graveja  but  have  not 
seriously  interfered  with  mining  operations.  Two  companies  were 
engaged  in  driUing  dredging  ground  on  Kahiltna  River.  The  dis- 
covery of  platinum  in  the  Kahiltna  ia  mentioned  on  page  23. 

Owing  to  a  shortage  of  water  in  the  early  part  of  the  season  plaoer 
mining  was  not  as  extensive  as  in  some  previous  years.  Complete 
returns  are  not  yet  available,  but  it  is  estimated  that  about  20  mines 
were  operated  for  at  least  part  of  the  summer  and  that  these  employed 
about  85  men  and  recovered  gold  to  the  value  of  about  $60,000. 
The  operated  minee  were  pretty  well  scattered  over  the  entire  district 
and  included  a  number  of  small  hydrauHo  plants.  A  hydraulic 
plant  was  installed  on  lower  Nu^et  Creek  in  1916.  Claims  on  both 
Peters  and  Spencer  creeks  were  prospected  during  the  summer  with 
a  view  to  installing  hydraulic  plants. 

TTFFKB  BUBITNA  BASIN. 

About  30  men  were  raigaged  in  prospecting  in  the  Broad  Pass 
region.  Discoveries  of  lai^  bodies  of  low-grade  ores  have  been  re- 
ported, but  these  reports  have  not  been  verified  through  field  examina- 
tion by  Survey  geolt^ts.  The  ores  are  said  to  include  gold,  silver, 
lead,  and  copper.  It  is  also  reported  that  gold  and  copper  bearing 
reins  have  been  discovered  in  the  Talkeetna  River  basin  near  the 
Sheep  Creek  basin.  One  large  hydraulic  plant  was  operated  on 
Valdez  Creek,  and  a  smaller  one  on  its  tributary  Lucky  Gulch. 
There  was  also  some  systematic  prospecting  on  White  Creek,  a 
tributary  of  Valdez  Creek. 

BOTTFHWBSTBIUr  ALASKA. 

Some  developments  were  continued  on  the  copper  deposits  of  the 
Diamna  region,  notably  on  the  McNeil  claims,  near  Kamishak  Bay 
from  which  a  test  shipment  of  ore  was  made,  but  as  yet  there  are  no 
producing  minee  in  this  field.  A  small  cyaniding  plant  has  been 
installed  and  operated  to  handle  the  old  tailings  of  the  Apollo  mine 
on  Unga  Island. 

It  is  reported  that  auriferous  quartz  was  discovered  in  1916  on 
the  south  side  of  Unga  Island  about  3  miles  from  the  old  ApoUo  mine. 
The  ledges  are  said  to  be  very  wide  and  to  carry  gold.  Specimens 
from  one  of  these  ledgee,  received  through  the  courtesy  of  Mr.  James 
R.  Hayden,  indicate  that  it  is  made  up  of  sheared  voloanio  rock, 
irluch  has  been  mineralized.  The  information  at  hand  therefore 
indioatee  that  the  deposit  is  a  shear  zone  in  the  andesite  lavas  that 
form  tixe  oouiltry  rook  of  this  part  of  Unga  Island.'    Sihcification 
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and  some  mineralization  have  apparently  taken  place  along  snch  a 
shear  zone  or  system  of  shear  zones.  This  occurrence  is  not  unlike 
that  of  the  Apollo  mine,  which  has  been  described  as  a  "reticulated 
vein  or  zone  of  fracture  in  a  country  rock  of  andesite  or  dacite."  ' 
At  the  ApoUo  mine,  however,  there  is  a  well-defined  ore  shoot  of 
high  tenor.  The  Apolto  ore,  moreover,  carries  much  galena,  whereas 
galena  is  reported  not  to  occur  in  the  newly  discovered  lodes.  The 
current  reports  indicate  that  at  least  three  different  parallel  lodes 
have  been  found  at  this  locality. 

Some  auriferous  gravels  were  found  in  1916  on  the  east  side  of 
Alaska  Peninsula,  between  Cold  and  Katmai  bays.  It  appears  that 
the  placers  were  found  on  only  one  creek,  and  the  output  was  only  a 
few  hundred  dollars.  The  discovery,  so  far  as  known,  is  of  impor- 
tance only  in  marking  a  new  locality  where  auriferous  mineralization 
has  taken  place.  Beach  placer  mining  was  continued  on  Eodiak 
and  Fopof  islands. 


Marahall $320,000 

Circle 300,000 

All  others 610, 000 


QENERAL   PGATUBBS. 

The  value  of  the  placer-gold  output  of  the  Alaska  Yukon  districts 
in  1916  is  estimated  to  have  been  $7,550,000,  compared  with 
$7,050,000  in  1915.  About  390  placer  mines  were  operated  in  the 
summer  of  1916,  giving  employment  to  about  2,560  men,  and  about 
150  placer  mines  were  operated  in  the  winter,  employing  about  680 
men.  Several  small  lode  mines  were  productive  in  the  Yukon  basin 
in  1916,  all  in  the  Fairbanks  district.  The  following  table  gives  the 
estimated  gold  output  of  the  principal  Yukon  placer  camps: 

Etiimated  value  of  gold  prodtietion  from  pUuxri  of  Yuionbatin,  1916. 

Idittwod ?1, 950, 000 

FaubankB 1,800,000 

Ruby 850,000 

Hot  Springs 800, 000 

Tolovana 700, 000 

Koyukuk 320,000  [ 

The  Yukon  placer  mines  also  produced  $29,189  worth  of  silver  in 
1916.  The  above  figures  do  not  include  the  output  of  the  lode 
mines,  which  in  1916  produced  gold  and  silver  to  the  value  of  $39,478. 
There  was  also  a  small  output  of  tin  from  the  Hot  Springs  district, 
and  considerable  tungsten  and  antimony  ore  was  shipped  from  the 
Fairbanks  district.  (See  pp.  20-21.)  The  total  value  of  the  entire 
mineral  production  from  ^e  Alaska  Yukon  in  1916  was  $7,839,757; 
that  of  1915  was  $7,423,352.  Since  mining  began  in  1880  the  Alaska 
Yukon  has  produced  minerals  to  the  value  of  $104,050,000,  most  of 
which  has  been  derived  from  the  gold  placers. 

>  Idem,  p.  126. 
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FAIBBANKa   DISTRICT. 

Placer-^old  mining  began  in  the  Fairbanks  district  in  1903.  The 
first  productive  auriferous  lode  mining  was  in  1910.  Antimony  was 
mined  in  1915  and  1916  and  tungsten  mining  began  in  1916.  Some 
silver  has  been  won,  incidentally  to  gold  mining,  and  in  1916  a  little 
silver-bearing  galena  ore  was  produced.  The  total  value  of  the 
entire  mineral  output  up  to  the  close  of  1916  is  $68,993,000.  Much 
the  lai^er  part  of  this  amount  represents  the  value  of  the  placer  gold 
produced,  which  is  shown  by  years  in  the  subjoined  table.  In  addi- 
tion to  the  actual  production  of  the  district,  about  $1,000,000  worth 
of  gold  mined  in  tribut&ry  areas  annually  passes  through  Fairbanks. 
PUuxr  gold  and  iilver  produced  in  the  Fairbanii  dUtrirt,  190S-1916. 


Gold. 

silver. 

Year. 

1 

QuonHty 
ounces). 

v.^ 

1.93S.0O 
387,000.00 
217  8ST.W 

S2,S45 

£;£ 

IS 
29, 034 

l!if 

g'« 

l!-S 

a- »,  183. 16 

«7,ao,ooo 

612, 121 

316,  B7B 

The  data  relating  to  the  source  of  the  gold  by  creeks  are  not  very 
accurate.  An  attempt  has  been  made  in  the  foUowing  table,  how- 
ever, to  distribute  the  total  placer-gold  production  of  the  Fairbanks 
district  by  the  creeks  on  which  the  mines  are  located: 

ApfTonmaU  dutribution  of  gold  produced  in  Fairbanht  diglrict,  1903-1916. 
Chary  Creek  and  tributaries 122, 620, 000 


Goldstream  Creek  and  tributaries. . 

Beter  Creek  and  tributaries 

Dome  Creek  and  tributaries 

Fairbanks  Creek  and  tributaries. . 

Vault  Creek  and  tributaries 

Little  Eldorado  Creek 

Ail  other  creeks 


10,9 


3,500.000 
),000 
7, 770, 000 
7,260,000 
2, 570, 000 
1,980,000 
640,000 

67,290.000 


Both  gold  placer  and  lode  production  are  on  the  decline  in  the 
Fairbanks  district.  Now  that  railroad  connection  with  tidewater  is 
assured,  mine  owners  have  generally  adopted  the  policy  of  waiting 
until  mining  costs  are  reduced  before  embarking  in  any  large  enter- 
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prises.  Besides  lowemig  freight  rates  the  railroad  will  bring  in  the 
Neoana  Ugnitic  coal  and  thus  afford  a  cheap  fuel,  which  is  all-impor- 
tant in  the  mining  industry  because  the  price  of  wood  is  now  almost 
prohibitive  to  an;  operations  except  the  mining  of  rich  placers. 
Though  some  discoveries  of  rich  gravels  are  made  year  by  year,  the 
day^  of  bonanza  mining  in  the  district  will  soon  be  almost  a  thing 
of  the  past. 

Some  work  was  done  in  1916  preparatory  to  larger  mining  entei^ 
prises,  but  there  are  as  yet  but  few  of  these  projects,  and  these  will 
take  considerable  time  to  reach  a  productive  basis.  Therefore  the 
immediate  outlook  is  for  a  further  decline  in  gold  production.  This 
decline,  however,  will  be  only  temporary,  for  there  are  in  the  district 
large  reserves  of  auriferous  gravds  that  can  be  profitably  mined  by 
the  use  of  proper  equipment. 

There  are  few  data  for  determining  the  placer-^old  reserves  of  the 
Fairbanks  district.  Prindle  and  Katz '  in  190S  made  a  rough  esti- 
mate of  the  placer-gold  reserves.  They  considered  that  of  the  then 
known  creek  gravels  deposits  a^regating  about  75  miles  were  gold 
placers  that  could  be  profitably  exploited.  A  moderate  estimate 
indicates  that  these  placers  contained  gold  to  the  value  of  about 
$100,000,000.  As  about  J67,000,000  worth  of  gold  has  been  mined 
up  to  the  present  time,  this  would  now  leave  only  about  $33,000,000 
in  the  placers.  Though  some  allowance  was  made  in  this  estimate 
for  placers  that  could  not  be  mined  under  conditions  existing  in  1908, 
there  was  no  attempt  to  determine  the  ultimate  recovery  of  gold  from 
the  placers  of  the  Fairbanks  district.  In  1908  the  average  recovery 
of  gold  per  cubic  yard  in  the  Fairbanks  district  was  $5.53.  At  that 
time  much  the  larger  part  of  the  mining  was  done  by  undei^;round 
methods,  the  most  expensive  form  of  mining.  In  1914  the  average 
gold  recovery  per  cubic  yard  in  the  district  was  $3.31;  *  in  1916  it 
was  about  $3.  This  reduction  in  recovery  shows  that  methods  have 
been  developed  to  work  at  a  profit  placers  which  in  1908  had  no  com- 
mercial value.  Cheaper  fuel  will  permit  still  further  reductions  in 
operating  costs.  More  important,  however,  to  the  future  of  the 
district  win  be  the  introduction  of  mining  plants,  notably  power 
excavators  of  some  kind  and  probably  dredges.  The  possibifities  of 
this  fonn  of  nunii^  are  illustrated  by  the  history  of  placer  mining  in 
Seward  Peninsula.  There  the  average  gold  recovery  per  cubic  yard 
for  the  nine  years  of  mining  ending  with  1906  was  about  $5.95  a 
cubic  yard.'  Since  then  the  xise  of  dredges  has  reduced  the  average 
recovery  to  about  53  cents  a  cubic  yard  (1916). 

iPtlndle,  I~H.,iui>lIUU,  F.  J.,  OeolagrortheFilitiuludlnrict:  U.  B.  Oeol.  Surrey  BuU.  ns, pp. 
111-llS,  1S13. 

■  Broola,  A.  H.,  The  hiture  or  gald-idu«t  mining  In  Alaaka:  U.S.  Oeol.  Sum;  Bull.  622,  p.  TS,  IBIS. 

■  Broaki,  A.  U.,  The  gold  placsis  ot  ptrta  of  Seward  FeDluiula,  Alaska:  U.  S.  Oeol.  Survey  Bull.  S3t, 
p.  ue,  1W8. 
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It  is  not  intended  to  imply  th&t  placer  mining  at  Fairbanks,  where 
much  of  the  placer  ground  ia  deep  and  where  nearij  all  the  gravels 
are  permanently  frozen,  .can  be  done  at  as  low  a  cost  as  in  Seward 
Peninsula.  But  if  placera  carrying  only  |1  a  cubic  yard  can  be  profit- 
ably mined  the  gold  reserves  of  the  Fairbanks  district  have  a  value 
of  probably  several  times  the  (33,000,000  which  has  been  cited  above 
as  the  value  of  the  gold  content  of  the  gravels  that  can  be  mined 
under  present  conditions.  Therefore,  though  the  prospect  of  imme- 
diately increasing  the  Fairbanks  production  of  ]dacer  gold  ia  not  very 
encouraging,  yet  there  can  be  no  question  that  the  district  will  in 
time  again  increase  its  output  and  that  mining  ivill  continue  for  many 
years  after  the  exhaustion  of  the  rich  deposits  now  being  worked. 
There  is  no  reason  for  pessimism  in  r^ard  to  the  placer-mining 
industry  of  the  Fairbanks  district,  yet  it  is  high  time  that  systematic 
prospecting  of  the  extensive  depoeite  of  low-grade  auriferous  gravels 
was  undertaken. 

It  ia  even  more  difficult  to  forecast  the  future  of  the  gold-lode  mining 
industry  of  the  Fairbanks  district.  Auriferous  mineralization  has 
occurred  over  a  considerable  area.  A  ntimher  of  small  rich  gold  veins 
have  been  worked  at  a  profit.  A  much  lajger  number  of  lodes  have 
been  found  on  which  comparatively  little  development  work  has  been 
done,  and  some  of  them  are  certainly  worthy  of  careful  prospecting. 
There  is  no  reason  to  believe  that  any  greater  irregularity  in  distri- 
bution of  value  will  be  found  at  greater  depths  than  has  already  been 
found  bdow  the  zone  of  oxidation,  which  in  most  places  in  the  district 
is  not  many  feet  deep.  There  are  some  larger  zones  of  mineralization 
which  may  prove  to  he  workable  at  a  profit  if  developed  on  an  exten- 
sive scale.  This  can  only  be  determined  by  a  more  systematic  pros- 
pecting than  has  yet  been  undertaken.  These  facts  indicate  that 
under  the  improved  industrial  conditions  which  will  be  brought  about 
by  the  construction  of  the  railroad  a  gold-lode  mining  indiistry  will 
be  developed. 

During  the  last  two  years  considerable  tmtimony  (stibnite)  and 
tungsten  (scheehte)  ore  baa  been  mined  and  shipped.  This  has  been 
possible  because  of  the  great  demand  for  and  value  of  these  minerals 
caused  by  the  present  industrial  conditions.  It  remains  to  be  deter- 
mined whether  these  ores  can  compete  with  others  in  the  market  under 
normal  conditions.  It  is  possible  that  if  large  deposits  are  opened 
under  the  present  stimulus  profitable  mining  might  be  continued 
under  a  normal  market  after  railroad  communication  becomes 
avBJlahle. 

Mining  operations  in  the  Fairbanks  district  during  1916  included 
placer  mining  on  a  large  scale  and  a  little  gold-lode  mining,  besides 
the  production  of  considerable  antimony  ore  (stibnite),  tungsten  ore 
^cheelito),  and  a  little  galena.    The  value  of  the  total  mineral  output 
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from  the  district,  including  the  silver  won  incidentally  to  gold  mining 
in  1916,  is  about  $2,040,800.  An  important  event  of  the  yearwaa  the 
decision  of  the  Bureau  of  Miuee  to  estahliah  a  mine  experiment  station 
at  Fairbanks. 

It  is  estimated  that  115  placer  mines  were  operated  in  the  Fur- 
banks  district  during  1916.  About  50  were  working  during  the 
winter.  About  650  men  were  employed  in  the  sunmier  and  250  in 
the  winter.  The  best  information  available  indicates  that  in  all 
600,000  cubic  yards  of  gravel  was  sluiced.  The  largest  single  opera- 
tion was  that  of  the  dredge  on  Fairbanks  Creek,  the  only  one  oper- 
ating in  the  district.  The  producing  creeks,  arranged  in  order  of 
size  of  total  production  of  their  mines  are  Goldstream  and  its  tribu- 
taries, inclu(Ung  Pedro  and  Gilmore,  Cleary  and  tributaries,  Fair- 
banks and  tributaries.  Ester  and  Gold  Hill,  Dome,  Eldorado,  and 
Vault.  About  SO  deep  mines  were  operated  durii^  the  year,  of  which 
25  were  on  Cleary  Creek  and  Chatanika  Flats,  The  lai^  open-cut 
mines  were  for  the  moat  part  equipped  with  steam  scrapers,  a  method 
of  r"'"'"E  which  has  proved  very  economical.  There  was  a  relative 
increase  in  the  number  of  small  plants  compared  with  previous 
years.  A  few  years  ago  deep  mines  that  employed  30  to  50  men  were 
not  uncommon,  and  the  average  number  was  about  10.  In  1916  but 
few  deep  mines  employed  more  than  20  men,  and  the  average  number 
was  less  than  6,  An  average  of  7  men  were  employed  in  open-cut 
mines  during  1916. 

There  was  but  little  gold-lode  nuning  in  the  Fairbanks  dbtrict 
durii^  1916.  Probably  the  most  significant  event  was  the  beginning 
of  systematic  large-scale  prospecting  of  some  lodes  in  the  Eva  Creek 
region.  Seven  lode  mines  made  a  small  production;  1,111  short 
tons  of  ore  was  hoisted,  and  the  value  of  the  gold  recovered  was 
S39,376.  Details  regarding  lode  mining  are  presented  by  Mr.  Mertie 
in  another  chapter  of  this  report.  The  following  table  sets  forth 
the  Fairbanks  lode  production  by  years  since  this  form  of  mining 
first  began: 
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Scheelito,  a  tungsteii  ore,  was  first  found  at  Fairbanks  in  the  fait 
of  1915  near  the  head  of  Gibnore  Creek.  Development  work  was  at 
once  started,  and  some  Bhipments  of  ore  were  made  by  parcel  post 
during  the  winter  of  1915-16.  Meanwhile,  other  occurreQces  of 
scheeUte  had  been  found,  and  m  the  smumw  of  1916  an  output  from 
three  different  minee  was  obtuned  and  some  development  work  done 
on  osiers.  A  part  of  the  ore  was  shipped  to  Tacoma  for  concen- 
tration, but  most  of  it  was  concentrated  in  one  of  the  local  mills.  The 
total  production,  calculated  in  concentrates  with  a  content  of  60 
per  cent  tungsten  or  better,  is  estimated  to  be  38,780  pounds.  It  is 
difficult  to  place  a  value  on  this  product,  but  it  seems  that  the  pro- 
ducer received  about  S63,000  for  the  entire  output. 

The  decline  in  the  price  of  antimony  during  the  spring  and  summer 
of  1916  led  to  the  closing  of  most  of  the  antimony  mines  in  the  Fair- 
banks district  and  discouraged  further  prospecting  for  such  ore. 
Five  mines  W€^e  closed  by  August.  One  mine  however,  continued 
to  operate  during  the  simimer.  The  production  of  antimony  for  the 
Fairbanks  district  is  estimated  to  be  1,390  tons,  and  the  tenor  of  the 
ore  ranges  from  56  to  65  per  cent  of  antimony.  For  this  the  pro- 
ducer b  estimated  to  have  received  about  $130,000.  Details  regard- 
ing tungsten  and  antimony  mining  are  presented  by  Mr.  Mertie  else- 
where in  this  report. 

CHISANA  DISTBIOT. 

A  shortage  of  water  in  the  Chisana  district  during  the  summer  of 
1916  hampered  the  sluicing,  and  hence  the  output  of  gold  had  a  value 
of  only  $40,000,  compared  with  $160,000  for  the  output  of  1915. 
Twelve  mines  were  operated  during  the  summer  of  1916,  and  two 
dining  the  preceding  winter,  employing  in  summer  about  40  men. 
The  entire  number  of  men  engaged  in  both  prospecting  and  mining 
was  about  75.  Eight  of  the  producing  mines  are  on  Bonanza  Creek; 
the  others  are  on  Big  Eldorado,  Little  Eldorado,  and  Oold  Kun 
creeks.  A  hydraiilic  plant  was  installed  on  Bonanza  Creek  but  was 
unable  to  operate  on  account  of  lack  of  water.  The  two  deep  mines 
worked  in  the  winter  are  located  on  Skookum  Oulch  and  Gold  Kun. 
The  development  of  the  district  is  much  hampered  by  the  fact  that 
no  trail  has  been  huilt  from  McCarty,  on  the  Copper  Kiver  Railroad, 
the  route  usually  followed  by  the  miners. 

FOBTTHILE  AND  EAOLB  DISTRKTTS. 

Mining  operations  in  both  the  Fortymile  and  Eagle  districis  are 
chiefly  on  a  small  scale.  This  is  shown  by  the  fact  that  about  50 
different  minee  were  operated  in  this  field  during  1916,  which  pro- 
duced gold  to  the  value  of  about  $75,000  and  employed  115  men. 
During  the  winter  about  15  deep  mines  were  worked  in  the  Fortymile 
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disttict  and  one  on  Barney  Creek,  in  tiie  Eagle  district.  Probably  the 
moat  important  event  of  the  year  was  the  finding  of  gold  placera  in 
the  bench  deposita  of  Fortymile  River  near  the  mouth  of  Steel  Creek. 
In  the  Eagle  district  a  small  hydraulic  plant  was  installed  on  Alder 
Creek  and  pieparatlons  were  made  for  similar  installations  on  Crooked 
and  Fourth  of  July  creeks.  Some  systematic  prospecting  was  also 
done  by  crosscutting  on  Seventymile  River  near  Fox  Creek  and  also 
between  the  falls  and  Barney  Creek. 

TOLOVANA  DISTEICT. 
The  value  of  the  gold  produced  in  1916  from  the  Tolovana  dis- 
trict was  about  S70O,0OO;  the  output  in  1915  was  worth  SSO.OOO. 
Most  of  this  gold  came  from  the  deep  placers  on  Livengood  Creek, 
where  about  15  mines  were  operated  during  the  winter  and  21  dur- 
ing the  summer.  One  deep  mine  was  operated  on  Myrtle  Creek 
during  the  summer.  About  eight  open-cut  minea  were  operated  on 
Olive,  Ruth,  Lilhan,  and  Gertrude  creeks.  About  125  men  were 
employed  in  mining  during  the  winter  and  360  during  the  summer. 
It  is  estimated  that  130,000  cubic  yards  of  gravel  was  sluiced  during 
1916.  '  There  was  a  little  mining  and  more  projecting  in  the  Tat- 
alina  region,  also  in  the  Tolovana  district.  Preparations  were  made 
for  drilling  some  placers  in  this  part  of  the  district  with  a  view  of 
installing  a  dredge.  A  more  detailed  description  of  the  Tolovana 
district,  by  Mr.  Mertie,  will  be  found  in  another  part  of  this  report. 

OmOLE    FRECINOT. 

The  Circle  precinct  includes  the  Birch  Creek  district  and  the 
placers  of  Woodchopper,  Beaver,  and  other  creeks.  About  27  small 
deep  mines  were  worked  in  the  winter,  employing  60  men,  and  40 
during  the  stunmer,  employing  150  men.  These  mines  produced 
gold  to  the  value  of  about  (300,000.  In  1915  about  50  mines  were 
worked,  employing  200  men  and  producing  about  $230,000.  These 
^ures  show  the  general  tendency  toward  operations  on  a  laiger 
scale.  A  shipment  of  wolframite,  obtained  from  the  placers  of  Dead- 
wood  creek,  was  made  in  1916. 

The  laigest  single  plant  was  the  dredge  on  Mammoth  Creek,  which 
was  operated  for  96  days.  Hydrauhc  plants  were  operated  on  Mas- 
todon, Eagle,  and  Switch  creeks  throughout  the  open  season.  Anew 
hydraulic  plant  was  installed  on  Butte  Creek  but  was  operated  only 
a  short  time  on  account  of  scarcity  of  water.  Preparations  were 
made  for  installing  a  hydraulic  plant  on  Independence  Creek.  The 
largest  number  of  operations  were  on  Deadwood  Creek,  but  these 
were  chiefly  on  a  small  scale.  Many  of  these  mines  were  worked  in 
the  winter.  Some  prospecting  was  done  on  the  lower  part  of  Boulder 
Creek,  a  tributary  of  Crooked  Creek.  Here  some  good  prospects  are 
reported  to  have  been  foimd  in  the  benches. 
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BAlfPAKT  DISTRICT. 

During  1916  four  mines  were  worked  in  the  Kampart  district  in  the 
winter,  employing  about  12  men,  and  eight  in  the  smnmer,  employ- 
ing about  28  men.  The  value  of  the  total  gold  output  was  about 
910,000.  This  includes  the  production  of  Quail  Creek,  formerly  in  the 
Rampart  district  but  now  in  the  Tolovana  district.  Preparations 
were  made  for  the  installation  of  a  hydrauhc  plant  on  Himter  Creek. 
The  largest  gold  production  came  from  little  Minook  and  Hunter 
creeks. 

HOT  SPRINGS  DISTRICT. 

The  Hot  Springs  placer  mines  are  estimated  to  have  produced 
gold  to  the  value  of  $800,000  in  1916  and  $610,000  in  1915.  Most  of 
the  mines  were  operated  on  a  taige  scale,  the  total  number  operated 
btoDg  16,  and  these  employed  320  men.  There  was  no  productive 
work  during  the  winter,  but  about  30  men  were  engaged  in  prospect- 
ing and  development  work.  Much  the  largest  operations  were  on 
Woodchopper  Creek,  where  three  plants  were  working  during  the 
summer.  The  placer  here  occupies  a  deep  channel  between  150  and 
200  feet  below  the  surface.  The  mines  of  the  Eureka  Creek  region, 
which  included  two  hydraulic  plants,  were  the  second  largest  pro- 
ducers. Here  five  mines  were  operated/  employing  some  30  men. 
Two  mines,  employing  about  40  men,  were  operated  in  the  SuIUvan 
Creek  region.  On  American  Creek  three  mines  weax  operated, 
employing  25  men.  Some  mining  was  also  done  on  Cache  and 
Idfdio  creeks.  New  discoveries  of  placer  ground  were  made  on  Big 
and  Little  Boulder  creeks,  tributary  to  Fish  Lake.  This  ground  is 
said  to  be  shallow,  and  though  t^e  gold  content  is  not  high,  the 
owners  beheve  that  it  can  be  profitably  mined  by  hydraulic  means. 
Considerable  placer  tin  was  recovered  incidentally  to  gold  mining. 

ETJBY   DISTRICT. 

The  value  of  the  gold  produced  in  the  Ruby  district  in  1916  is 
estimated  to  be  S850,000.  A  small  shipment  of  tin  was  made  from 
the  gold-bearing  gravels  of  Midnight  Creek,  which  are  said  to  carry 
also  some  tungsten.  Forty  mines,  employing  about  325  men,  were 
operated  during  the  sununer  and  about  a  dozen,  employing  about 
40  men,  during  the  previous  winter.  Most  of  the  inming  was  of 
deep  gravels  by  underground  methods.  The  completion  of  a  dredge 
on  Greenstone  Creek  was  the  most  important  event  of  the  year.  It 
started  operating  late  in  July.  As  in  1915,  the  deep  mines  yielding 
the  largest  output  were  those  on  Long,  Flat,  uid  Foorman  creeks 
and  their  tributaries.  Four  plants  were  operated  on  Spruce  Creek, 
which  is  now  an  important  producer  of  placer  gold.  Mining  was  also 
started  in  a  small  way  on  Fourth  of  July  Creek. 
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In  additiou  to  those  mentioned  above  there  are  also  productive 
mines  on  Midn%ht,  Birch,  Elk,  Swift,  Tamarack,  Timber,  and 
Tenderfoot  creeks  and  Bearpup  GulcK  Gold  was  discovered  in  1916 
on  the  benches  of  Foorman  Creek.  A  new  type  of  prospecting  drill 
mounted  on  a  caterpillar  tractor  base  was  taken  to  Long  in  September 
for  prospecting  on  Long  and  Basin  creeks.  Considerable  work  was 
done  on  the  wagon  road  leading  from  Ruby  to  Long. 

INNOKO  DISTBIOT. 

It  is  estimated  that  the  mines  of  the  Innoko  district  produced 
gdd  to  the  value  of  $220,000  in  1916,  compared  with  1190,000  for 
the  output  of  1915.  About  35  mines  wore  worked  in  the  summer, 
employing  about  140  men,  and  15  in  the  winter,  employing  30  men. 
The  mines  of  Yankee  Creek  had  the  largest  output  and  those  of 
Gaines  Creek  second.  The  output  of  the  mines  on  Little,  Spruce,  and 
Opbir  creeks  was  about  the  same.  Two  steam  strapers  were  worked 
on  Gaines  Creek,  two  on  Spruce  Creek,  and  one  on  Ophir  Creek. 
Prospecting  was  done  on  Yankee  Creek  for  dredging  ground,  A 
new  deposit  of  placer  gold  was  found  on  a  bench  of  Gaines  Creek  near 
the  mouth  of  Little  Creek.  Fifteen  small  deep  mines  were  operated 
on  Little  and  Ophir  creeks  during  the  winter.  The  value  of  the  total 
winter  production  was  aboat  $40,000. 

In  March,  1916,  gold  was  discovered  about  30  miles  from  Ophir 
on  Boob  Creek,  a  tributary  of  Mastodon  Creek,  which  flows  into  Tolstoi 
Creek.  The  gravels  are  reported  to  be  a  few  feet  thick  and  covered 
with  about  30  feet  of  overburden.  Near-by  shafts  show  70  feet  of 
overburden  and  a  much  greater  thickness  of  gravel.  This  discovery 
created  enough  excitement  to  bring  several  hundred  people  to  the 
camp.  Most  of  these  soon  left  without  any  systematic  prospecting. 
Only  one  small  plant  is  known  to  have  been  operated  on  a  productive 
basis.  The  geoli^;y,  so  far  as  known,  is  favorable  to  the  occurrence 
of  placer  ground,  and  it  is  not  improbable  that  workable  deposits  may 
be  found.  A  little  platinum  occurs  in  the  Boob  Creek  placers.  (See 
pp.  23-24.)  The  settlement  of  Tolstoi  or  Cooper  has  been  established 
at  the  mouth  of  Mastodon  Creek.  At  high  water  small  launches  can 
be  run  up  Tolstoi  Creek  to  this  settlement,  but  at  low  water  cai^oes 
are  dischai^cd  on  Dishkakat  Kiver,  about  2  miles  from  Cooper. 

IDITAEOD  DISTBICT. 

Mining  in  the  Iditarod  district  in  1916  consisted  chiefly,  as  in  the 
past,  in  a  few  laige  operations.  Fifteen  placer  mines  were  operated 
during  the  summer,  but  practically  no  mining  was  done  in  the 
winter.  These  employed  about  400  men  and  produced  gold  to  the 
value  of  $1,950,000;  in  the  preceding  year  24  mines  were  operated  and 
the  value  of  the  gold  output  was  $2,050,000.    These  plants  included 
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three  dredges,  one  drag-line  excavator,  four  scrapers,  and  seven 
open-cut  mines,  operated  chiefly  by  hydraulic  methods.  It  is 
estimated  that  1,580,000  cubic  yards  of  gravel  was  excavated.  This 
enormous  yardage  is  due  to  the  extensive  dredging  operations  of  the 
Yukon  Gold  Co.  on  Flat  Creek  and  of  Riley  &  Marston  on  Otter 
Creek.  A  new  dredge  was  installed  at  the  mouth  of  Black  Creek 
near  the  end  of  the  mining  season.  This  dredge  is  of  the  flume  type, 
has  a  60  by  30  foot  hull  and  is  equipped  with  two  60-horsepower  semi- 
Diesel  engines.  The  bucket  line  is  of  the  closed-link  type  and  the 
buckets  have  a  capacity  of  2  )  cubic  feet.  The  Ril^  &  Marston  dredge 
was  refitted  with  two  60-horsepower  engines  of  the  semi-Diesel  type. 
As  in  the  past  the  larger  open-cut  operations  were  on  the  heads  of 
Flat,  Happy,  and  Chicken  creeks  and  near  Discovery  claim  on  Otter 
Creek.' 

KOYUKUK  DISTRICT. 

The  Koyukuk  district,  including  the  placers  of  Indian  River,  is 
estimated  to  have  produced  gold  to  the  value  of  $320,000  in  1916 
and  $200,000  in  1915.  Fourteen  mines  were  operated  in  the  district 
during  the  winter,  employing  about  90  men,  and  produced  gold  to  the 
value  of  about  $240,000.  A  large  part  of  this  gold  was  taken  out  of 
a  few  rich  claims  on  Hammond  River  and  Nolan  Creek.  During  the 
summer  29  mines  were  operated,  of  which  8  were  in  the  Indian  River 
region,  employing  80  men.  Aside  from  the  output  of  Hammond  River 
and  Nolan  Creek  the  larger  part  of  the  production  came  from  Jay, 
Gtold,  Myrtle,  and  Porcupine  creeks.  Productive  mining  was  also 
done  on  Vermont,  Birch,  California,  Minnie,  Smith,  Kmma,  and  other 
creeks.  Good  prospects  are  reported  to  have  been  found  on  the 
high  bench  claims  of  Nolan  Creek.  Some  new  placers  were  opened 
on  Rye  Creek,  a  tributary  of  Flat  Creek,  which  flows  into  Wild  River, 
but  their  value  is  still  undetermined.  There  was  considerable  pros- 
pecting on  the  South  Fork,  where  preparations  were  made  for  drillii^. 

ItABSHALL  DI8TBICT. 

In  1916  some  rich  placers  were  developed  on  Willow  Creek,  in  the 
MarshaU  district,  and  as  a  consequence  the  value  of  the  gold  output 
rose  from  $25,000  in  1915  to  $320,000  in  1916.  This  output  came 
from  seven  mines,  which  employed  about  100  men.  Detuls  regard- 
ing the  mineral  resources  of  the  Marshall  district  are  given  in  another 
section  of  this  report. 

SMALLER  YUKON    DISTRICTS. 

About  10  men  were  engaged  in  mining  in  the  Chandalar  district 
on  three  cl^ms  and  produced  about  $9,000.  Some  new  placers  are 
smd  to  have  been  discovered  on  Squaw  Creek.    Developments  were 
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continued  at  the  lode  mines,  but  the  mill  was  not  operated.  There 
was  a  UtUe  mining  In  the  Hosiana  River  region,  but  no  discoveries 
of  importance  have  been  made. 

The  Richardson  district,  of  the  Tanana  region,  in  1916  produced 
gold  to  the  value  of  about  180,000.  Much  of  this  came  from  Tender- 
foot Creek,  where  seven  mines  were  operated.  There  was  also  some 
mining  on  Banner  and  Buckeye  creeks,  and  a  little  prospecting  on 
Kenyon  Creek,  tributary  to  Healy  River.  A  new  loc&Uty  of  aurifer- 
ous gravels  is  reported  on  Michigan  and  Granite  creeks,  both  of  which 
flow  Into  the  South  Fork  of  Goodpaster  River.  Considerable  pros- 
pecting was  done  on  these  creeks  in  1916.  The  gravel  on  these  creeks 
is  said  to  be  from  12  to  25  feet  thick  and  the  gold  to  be  very  coubo. 
One  nu^et  valued  at  $9  has  been  found  on  Michigan  Creek. 

There  were  no  lai^e  mining  operations  In  either  the  Bonnifield 
or  the  Kantishna  districts  during  1916.  About  60  men  were  eng^ed 
in  placer  mining  In  the  two  districts,  and  some  production  was  made 
from  29  claims.  The  value  of  the  total  output  la  estimated  to  have 
been  about  $40,000.  There  was  also  some  lode  development  In 
both  districts.  Details  r^arding  the  mineral  resources  of  these  two 
districts  are  given  elsewhere  In  this  volume. 

KTTSKOEWm  BBaiOH. 

The  inadequate  mall  facilities  moke  It  very  difiicult  to  obtain 
statistics  from  the  Kuskokwim  region.  From  such  data  as  are  at 
hand  It  appears  that  the  value  of  the  gold  output  In  1916  was  about 
S80,000.  This  came  from  as  widely  separated  localities  as  Candle 
Creek,  tributary  to  the  Tatotna,  and  the  Goodnews  Bay  district. 
This  gold  was  produced  from  about  25  mines,  employing  about  50 
men.  In  addition  there  were  a  larger  number  of  men  engaged  in 
prospecting  and  development  work,  incidentally  to  which  some  gold 
was  produced. 

There  was  also  some  mimng  of  quicksilver  ores  in  the  lower  Kus- 
kokwim region,  but  no  details  have  been  learned.  It  is  reported  that 
some  work  was  done  on  three  or  four  quicksilver  prospects,  besides 
the  continuation  of  development  work  at  the  Parks  mine.  A  new 
discovery  of  rich  placer  ground  in  the  Takotna  district  is  reported, 
but  details  in  regard  to  it  are  lacking  at  this  writing.  A  dredge  was 
shipped  for  use  on  Candle  Creek  but  did  not  arrive  at  its  destination. 
It  is  to  be  Installed  in  1917  for  use  on  ground  about  30  feet  deep. 
A  new  area  of  auriferous  gravels  is  reported  to  have  been  found  in 
the  Holitna  River  ba^n,  tributary  to  the  middle  Kuskokwim. 

In  the  Aniak  River  re^on  mining  was  done  on  a  smaller  scale 
thim  in  the  precedii^  yem-  owing  to  a  shortage  of  water  on  Canyon 
Creek,  the  principal  producer.  Plans  were  made  for  drilHng  on  Mar- 
vel Creek  with  the  view  of  installing  a  dredge.     A  hydraulic  plant 
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was  installed  on  New  York  Creek  at  about  the  end  of  the  season. 
A  placer  mine  was  worked  on  Mary  Creek,  a  tributary  of  New  York 
Creok.     This  is  the  first  production  on  Mary  Creek. 

Mining  was  continued  in  a  small  way  on  Butte  and  Cowcow  creeks, 
in  the  Goodnewa  Bay  district.  A  steam  scraping  plant  shipped  to 
this  district  failed  to  reach  its  destination.  A  promising  find  of  gold 
was  made  on  Bear  Creek,  in  the  Goodnews  Bay  district. 

Gold  i^  widely  distributed  in  the  Kuskokwim  basin.  Although 
but  few  rich  placers  have  been  found,  there  appear  to  be  many 
localities  where  there  are  considerable  bodies  of  auriferous  gravel 
that  deserve  systematic  prospecting  with  the  view  of  installing  lai^e 
plants.  Some  of  this  work  has  been  done,  but  the  operators  havo 
met  with  discouraging  conditions  as  regards  transportation.  Tho 
steamer  service  to  the  mouth  of  the  river  is  so  irregular  and  so  inade- 
quate as  to  greatly  increase  the  cost  of  all  installations.  These 
conditions  are  not  as  good  as  they  were  on  the  Yukon  in  the  pre- 
Klondike  days.  If  adequate  ocean  and  river  steamer  service  were 
available  the  Kuskokwim  camps  should  make  important  contribu- 
tions to  the  annual  gold  output  of  Alaska. 

SBWABD  FEHmstTLA. 

The  mines  of  Seward  Peninsula  produced  gold  to  the  value  of  about 
$2,950,000  in  1916  and  $2,900,000  in  1915.  The  value  of  tin,  tung- 
sten, silver,  and  coal  produced  in  1916  was  about  $170,000;  in  1915 
it  was  SS4,000.  The  value  of  the  total  gold  production  since  mining 
began  in  1897  is  about  $74,292,000.  Nearly  all  this  gold  was  taken 
from  placers;  up  to  the  present  time  little  has  been  produced  from 
lodes.  Silver,  tin,  etc.,  have  been  produced  to  the  value  of  about 
$880,000.  This  makes  the  value  of  the  total  mineral  output  of  Sew- 
ard Peninsula  to  the  end  of  1916  $75,170,000. 

The  year  1916  was  favorable  to  placer  mining  on  account  of  ample 
water  supply.  As  a  consequence  there  were  more  mines  operated 
than  in  1915.  It  is  estimated  that,  including  the  dredges,  148  mines 
were  operated  in  1916,  compared  with  120  in  1915.  That  many  of 
the  operations  were  on  a  small  scale  is  made  evident  by  tho  fact  that 
about  1,000  men  were  employed  in  productive  mining  in  1916,  com- 
pared with  1,200  in  1915.  Twenty-seven  gold  dredges  were  operated 
in  1916,  employing  260  men,  and  handled  about  1,870,000  cubic 
yards  of  gravel,  yielding  gold  to  the  value  of  about  $985,000.  In 
1915  31  gold  dredges  were  operated  and  handled  about  3,000,000 
cubic  yards  of  gravel,  yielding  gold  to  the  value  of  $1,050,000. 
These  comparisons  show  that  there  was  a  tendency  to  hmit  dredge 
mining  to  richer  gravels  this  year  than  in  the  preceding  year.  Evi- 
dence of  this  tendency  can  be  expressed  more  directly  by  notii^  that 
the  average  gold  recovery  by  dredges  per  cubic  yard  was  35  cents  iu 
103210°— 18— Bull.  662 5 
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1915  and  53  cents  in  1916.  There  are  atill  lai^  reserves  of  auriferous 
gravels  on  the  peninsula  that  are  believed  to  be  rich  enough  to  war- 
rant exploitation  by  dredges.  Most  of  the  existing  companies  own 
but  one  dredge  each,  and  it  appears  as  if  the  time  were  ripe  for 
stronger  oi^anizations  to  enter  the  field  and  introduce  economies  by 
mining  on  a  lai^e  scale.        * 

It  is  estimated  that  about  66  deep  mines  were  operated  on  the 
peninsula  during  1916.  Many  of  these  were  operated  in  winter  as 
well  as  summer.  Besides  the  dredges  about  70  open-cut  mines, 
large  and  small,  were  in  operation  during  the  summer.  Mining  was 
done  on  a  larger  scale  in  the  Koyuk  district  than  in  any  previous  year. 
The  value  of  the  gold  produced  in  this  district  in  1915  was  only  $3,000, 
while  that  of  the  winter  output  alone  in  1916  was  $100,000.  Com- 
plete returns  on  the  summer  operations  in  the  Koyuk  district  are  not 
yet  available.  In  addition  to  the  gold  dredges  two  placer-tin  dredges 
were  operated  in  the  York  district.  Developments  were  also  con- 
tinued on  the  Lost  River  tin-lode  mine. 

One  of  the  important  developments  in  1916  was  the  beginning  of 
the  mining  of  tungsten  (scheehte).  At  several  localities  the  residual 
material  of  scheelite-bearing  lodes  was  worked  by  placer-mining 
methods.  Some  scheehte  was  also  recovered  incidentally  to  the  min- 
ing of  placer  gold. 

Some  antimony  ore  was  mined  at  the  Hed  &  Strang  mines,  and  a 
part  of  this  was  shipped.  Work  was  done  on  two  graphite  deposits 
in  the  Kigluaik  Mountains.  Some  coal  was  mined  at  Chica^  Creek 
for  local  use.  Details  in  regard  to  mining  development  on  the 
peninsula  are  contained  in  another  chapter  of  this  report  by  Mr. 
Mertie. 

EOBUX  BBOION. 

Placer  Wning  continued  in  a  small  way  during  1916  in  the  Kobuk 
r^ion.  Details  in  regard  to  it  are  lacking  at  this  writing,  but  it  is 
probable  that  the  value  of  the  gold  output  in  1916  was  about  the 
same  as  in  1915,  estimated  at  $20,000. 
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MINING  DEVELOPMENTS  IN  THE  KETCHIEAN  AND 
WRANGELL  MINING  DISTRICTS. 


By  Theodobb  Cbafis. 


KETCHIKAN  DISTRICT. 

mmoDncnoN . 

Mining  operations  in  tha  Ketchikan  district  were  conducted  on  a 
much  larger  scale  during  1916  than  in  the  preceding  year,  as  i»  evident 
by  the  lai^  increase  in  production. 

Seven  copper  mines  were  in  operation,  and  the  output  of  the  larger 
mines  was  materially  increased.  Only  two  gold-lode  mines  were  op- 
erated during  a  part  of  the  year,  but  development  work  was  continued 
on  other  gold-lode  properties  and  a  lai^e  quantity  of  gold  was  won 
from  ores  mined  primarily  for  copper.  Items  of  more  than  ordinary 
interest  are  the  recent  discovery  of  a  lode  of  stibnite  (antimony)  ore, 
a  mineral  not  known  previously  to  occur  in  this  region  in  commercial 
quantity,  of  lodes  in  which  zinc  appears  to  be  the  predominant  metal, 
and  of  platinum  and  pidladium  in  certain  of  the-  copper  deposits. 

Interest  in  marble  continues.  At  present  production  is  confined 
to  the  quarries  of  the  Vermont  Marble  Co.  at  Tokeen,  but  the  dis- 
trict contains  large  bodies  of  high-grade  marble,  whose  development 
aw^aits  the  capital  necessary  for  their  exploitation.  Development 
work  was  continued  on  the  barite  claims  on  Lime  Point,  on  Prince  of 
Wales  Island,  and  work  was  started  on  the  construction  of  a  treat- 
ment mill.  The  location  of  the  known  mineral  deposits  is  shown  on 
Plata  V. 

LODB  HDnNQ. 

PKODUCTION. 

The  increase  in  the  production  of  1916  over  that  of  1915  is  shown 
in  the  subjoined  table.  The  gold  and  silver  produced  were  derived 
from  both  the  gold  lodes  and  the  gold  and  silver  bearing  copper  lodes, 
This  increased  production  was  due  to  the  continued  demand  and  high 
price  of  copper,  which  made  possible  the  operation  oC  a  numbw  of 
low-grade  properties. 
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Copptr,  gold,  and  Mver  produced  in  (A«  Ketchiian  mining  dittrict  in  1915  and  1916. 
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*  CompuUtiona  Ustd  on  avaiagt 

FBINCB  OF  WALES   ISLAND. 
KASAAH  BAT  ASS  VICDRTT. 

Kas&an  Peninsula  was  again  the  center  of  the  copper-mining  ac- 
tivity of  the  Ketchikan  district,  owing  in  laige  part  to  the  operations 
of  the  Granby  Consolidated  Mining,  Smelting  &  Power  Co.  (Ltd.), 
which  operates  the  Mamie  and  It  mines.  The  Mamie  mine  was  taken 
over  by  the  Granby  Co.  in  1913,  and  development  and  improvements 
were  started  to  put  the  mine  into  working  condition.  The  aerial 
tram,  which  or^nally  extended  to  the  old  smelter  only,  was  rebuilt 
and  extended  to  the  dock  in  the  harbor,  where  the  ore  is  loaded  on 
barges  for  shipment  to  the  Granby  smelter  at  Anyox,  B.  C. 

Mining  operations  consist  of  stoping  the  irregular-shaped  ore  bodice 
composed  of  cbalcopyrite-bearii^  magnetite,  associatod  with  garnet, 
epidote,  tmd  other  contact-metamorpbic  minerals,  formed  along  the 
border  of  intrusive  dioritic  masses  that  invade  limestone  and  arena- 
ceous sediments.  The  Mamie  continued  operations  throughout  1916, 
employii^  55  to  85  men.  Undei^round  development  work  has  been 
carried  forward  on  all  the  levels,  and  on  the  lowest  level  ore  bodies 
formed  along  porphyry  dikes  that  cut  the  magnetite  have  been 
located.  Considerable  surface  development  work  has  also  been  done, 
with  a  view  to  locating  new  ore  bodies.  A  topographic  and  geologic 
map  has  been  completed,  a  m^netic  survey  has  been  made  to  deter- 
mine the  position  of  the  magnetite  bodies,  and  diamond-drill  holes 
have  been  put  down. 

The  It  mine  was  worked  on  about  the  usual  scale,  employing  25 
men.  The  ore  bodies  occur  along  the  contact  of  intrusive  diorite 
and  limestone,  and  are  composed  of  chalcop3rrite,  pyrite,  and  asso- 
ciated metamorphic  lime-silicate  minerals  but  contain  little  mag- 
netite. Development  work  in  1916  consisted  in  5,000  feet  of  diamond 
drilling  and  the  extension  of  drifts  and  raises  on  the  275-foot  and 
350-foot  levels,  from  both  of  which  ore  was  extracted. 

Operations  at  the  Mount  Andrew  mine  were  started  early  in  the 
year  and  carried  forward  on  a  larger  scale  than  usual.    The  ore 
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bodies  here  are  composed  of  very  large  masses  of  copper-bearing 
magnetite. 

The  Goodro  mine,  near  the  head  of  Kasaan  Bay,  was  operated,  and 
a  number  of  shipments  of  ore  were  made.  The  ore  bodies  are  in 
gabbro,  and  the  ore  minerab  are  essentially  bomite  and  chalcocite 
with  lesser  amounts  of  other  copper  sulphides.  The  ore  also  carri^ 
considerable  gold  and  traces  of  platinum  and  palladium.  The  ore  is 
sorted  by  hand  and  trammed  to  the  wharf,  where  it  is  loaded  on 
barges  for  shipment  to  the  smelter. 

The  Rush  &  Brown  mine,  at  the  head  of  Kasaan  Bay,  was  operated 
throughout  the  year,  and  shipments  of  ore  were  made.  The  mine  is 
developed  on  two  lodes,  a  contact  deposit  of  copper-bearing  mag- 
netite and  a  shear-zone  deposit  carrying  copper  sulphides.  Both  of 
these  deposits  have  been  explored  to  the  250-foot  level  by  various 
undei^vund  workings.  Besides  these  ore  bodies  of  proved  per- 
sistence and  depth  there  are  aJao  a  mmiber  of  surface  outcrops  that 
have  not  yet  been  cut  by  the  underground  workings.  A  drift  is  now 
being  driven  along  an  underground  slip  on  the  200-foot  level  to  cut 
one  of  these  ore  bodies,  and  surface  showings  near  the  ore  bins  are  to 
be  prospected  by  a  stope  now  being  opened  from  the  glory  hole  on  the 
sublevel  above  the  lOO-foot  level.  An  inchne  now  being  sunk  on  the 
sulphide  ore  body  wiU  be  used  for  a  working  shaft. 

South  of  Karta  Bay  and  northwest  of  Twelvemile  Arm,  including 
the  vicinity  of  Hollis,  is  a  mineralized  area  in  which  gold  lodes  pre- 
dominate. The  country  rock  is  a  complex  assemblage  of  sedimentary 
and  igneous  rocks  whose  relations  have  not  been  worked  out  in  detail. 
The  bedded  rocks  include  tuff,  breccia,  schist,  thin  beds  of  limestone, 
black  slate,  arglUite,  and  graywacke  and  are  cut  by  a  large  boss  of 
quartz  diorite  and  associated  porphyritic  dikes.  The  lodes  are 
quartz  veins  and  occur  in  the  intrusive  and  the  bedded  volcanic  rocks 
as  well  as  in  the  sediment."?. 

A  number  of  claims  have  been  located  on  Granite  Mountain,  in  the 
quartz  diorite.  On  the  Last  Chance  group  development  was  con- 
tinued during  the  summer  preparatory  to  putting  in  a  stamp  mill. 
The  Ready  Bullion  mine  and  miU,  near  Hollis,  were  operated  with 
good  success.  The  mine  is  developed  by  three  adits  driven  along  the 
vein  and  connecting  stopes.  Development  work  was  continued  on 
the  Crackerjack  group  of  claims,  adjoining  the  Ready  Bulhon,  but  no 
production  was  made.  The  Dunton  miue,  on  Harris  Creek,  was  not 
operated  in  1916,  but  some  prospecting  and  ore  testing  were  done. 

The  Burke  and  Lang  claims  were  recently  located  on  the  north 
bank  of  Hollis  Cove,  about  a  mile  northeast  of  Hollis.  The  lode  as 
here  exposed  by  surface  stripping  is  a  quartz  vein  about  20  feet  wide, 
trending  N.  70°  W.,  parallel  to  the  strike  of  the  inclosing  greenstone 
tuff  country  rock.    Assessment  work  consisting  of  surface  stripping 
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was  doae  on  the  Copper  Hill  claim,  about  a  mile  northwest  of  Hollis, 
a  short  distance  from  the  Keadj  Bullion  tram.  The  lode  occupies  a 
shear  zone  in  greenstone  tuif  and  is  composed  of  a  network  of  chalco- 
pyrite  Teinlets  inclosing  sheared  rock  impregnated  with -particles  of 
chalcopyrite  and  stained  in  places  with  copper  carbonates.  Both 
country  rock  and  lode  strike  N.  70"  W.;  the  greenstone  tuff  dips 
steeply  northeast,  and  the  lode  apparently  dips  in  the  opposite 
direction. 

HdUUH  ASM  aud  hallabs  bat. 

Prospecting  and  assessment  work  is  being  continued  on  a  number  of 
claims  on  McLean  Ann  and  Mallard  Bay.  The  country  rock  north  of 
McLean  Arm  and  part  of  that  south  of  the  arm  is  a  medium-grained 
dioritic  rock,  evidently  a  part  of  the  batholith  that  occupies  a  large 
area  in  the  south  end  of  Prince  of  Wales  Island.  South  of  the  diorite 
is  a  narrow  strip  of  greenstone  with  associated  porphyiitic  alaskite. 
The  diorite  is  intrusive  into  the  greenstone.  The  light-colored  por- 
phyries are  believed  to  be  intrusive  into  both  greenstone  and  diorite. 

The  principal  work  has  been  done  by  Fobon  &  Ickis  on  a  group  of 
claims  extendii^  from  McLean  Arm  to  Mallard  Bay,  including 
mineral  claims  and  a  mill  site.  On  the  Veta  a  short  adit  with  drifts 
and  crosscuts  has  been  run,  and  on  the  Apex  and  Adit  about  200  feet 
of  underground  work  has  been  done,  besides  a  number  of  surface 
opening. 

The  ore  deposits  occupy  shear  zones  in  both  the  greenstone  and  its 
associated  porphyritic  intrusives.  Chalcopyrite  is  the  principal  ore 
mineral,  with  a  little  secondary  malachite  and  in  places  a  black 
coating  that  is  probably  chalcocite.  The  Apex,  Adit,  and  Astor 
claims  cover  a  mineralized  zone  that  has  been  traced  by  surface  cuta 
and  underground  working  for  a  distance  of  300  feet  across  its  strike. 
Within  this  zone  are  a  number  of  well-defined  lodes  with  intermediate 
parts  which  are  more  or  less  mineralized. 

On  the  Adit  claim  an  adit  has  been  driven  for  about  200  feet, 
exposing  two  well-defined  parallel  lodes  and  an  intermediate  area 
with  disseminated  chalcopyrite.  The  ore  appears  to  follow  very 
prominent  fracture  planes  with  a  general  trend  of  N.  20°  E.  and  a 
southeasterly  dip.  The  mineralization  was  not  confined  within  these 
walls  but  extended  into  the  wall  rock.  The  adit  follows  one  of  the 
lodes  for  about  50  feet  and  cuts  across  to  another  lode.  Above  the 
adit,  at  an  elevation  of  650  feet,  an  open  cut  has  been  made  on  a 
quartz  vein  which  appears  to  be  the  hanging  wall  of  the  lode. 

On  the  Veta  claim  the  ore  body  occurs  in  the  greenstone  adjoining 
the  diorite  that  forms  the  hanging  wall  of  the  lode.  The  lode  strikes 
N.  45"  W.  and  dips  70"  NE.  A  short  tunnel  crosscuts  the  lode  and 
drifts  along  it  for  about  20  feet.  Adjoining  the  diorite  ia  about  15 
feet   of    greenstone    mineralized    with    disseminated    chalcopyrite. 
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Below  this  low-grade  ore  b  about  8  feet  of  high-grade  chalcopjrite 
ore,  which  occurs  in  masses  and  irregular  veins  in  the  greenstone  and 
also  associated  with  quartz  veins. 

The  Spik  claim  is  about  a  mile  west  of  the  Fokon  &  Ickis  claims 
and  2  miles  south  of  the  head  of  McLean  Arm.  It  can  be  reached  by 
a  good  trail  from  a  point  on  McLean  Arm  half  a  mile  west  of  the 
Folson  &  Ickis  mill  site.  The  developments  consist  of  a  few  open 
cuts  and  a  short  adit.  The  country  rock  is  greenstone  with  much 
intrusive  granite.  The  ore  exposed  by  the  open  cuts  is  of  very  high 
grade.  It  consists  of  bomite,  chalcopyrite,  and  pyrrhotite,  occurring 
in  irr^ular  masses  in  the  greenstone. 

HICHOLa  BAT. 

The  rocks  along  the  shore  Une  of  Nichols  Bay  are  mineralized  at  a 
number  of  places,  and  sever^  prospects  hare  been  located,  but  little 
work  has  been  done  on  them. 

Near  the  mouth  of  the  bay  the  Feickert  claim  has  been  located 
recently  and  a  little  surface  stripping  done.  The  country  rock  is  red 
granite  and  quartz  diorite.  The  lode  is  a  chalcopyrite-bearing  quartz 
vein  about  a  foot  wide.  It  strikes  N.  50°  E.  and  stands  about  "ver- 
tical. Development  work  in  1916  consisted  of  surface  stripping  and 
the  construction  of  a  temporary  shelter  and  blacksmith  shop. 

Another  Feickert  claim  has  been  located  on  the  east  side  of  the 
bay  a  short  distance  from  the  head.  A  traU  leads  from  the  cabins 
on  the  shore  half  a  mile  to  the  workings.  The  ore  is  chalcopyrite- 
bearing  quartz,  and  the  country  rock  is  andesitic  greenstone.  The 
lode  has  been  prospected  by  a  shaft  and  other  openings  and  traced 
on  the  surface  by  open  cuts. 

The  Ahce  claim,  on  the  east  shore  of  Nichols  Bay,  was  recently 
relocated  by  Thornton  &  Kilpatrick.  The  country  rock  is  andesitic 
greenstone  with  intercalated  beds  of  limestone.  The  ore  is  chalco- 
pyrite and  occurs  in  the  limestone  in  irregular  bunches  and  veinlets. 
Two  old  shafts  on  the  lode  were  filled  with  water  at  the  time  of  visit 
and  were  not  accessible  for  examination. 

A  short  distance  north  of  the  Alice  claim  is  another  property  on 
which  a  httle  work  has  been  done.  The  country  rock  is  quartzite 
and  siliceous  slate  interbedded  with  andesitic  greenstone.  The  beds 
strike  N.  20°  E.  and  stand  about  vertical.  The  ore  bodies  consist 
of  irregular  masses  of  rock  strongly  impregnated  with  pyrite.  No 
underground  exposures  were  accessible  when  the  property  was  visited. 


Several  claims,  including  the  Ranger  1  and  2,  have  been  located 
recently  in  a  mineralized  area  on  the  ridge  southwest  of  Tah  Bay,  a 
small  cove  on  the  north  shore  of  Hessa  Peninsula,  on  the  Test  coast 
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of  Prince  of  Wales  Island.  The  claims,  which  are  on  a  low  ridge 
ahout  200  feet  above  sea  level  and  a  quarter  of  a  mile  from  the  beach, 
may  be  reached  easily  by  trail.  Th&  country  rock  consists  of  green- 
stone tuff  and  red  and  green  volcanic  breccias  and  associated  gray- 
wacke  and  green  grits,  which  are  well  exposed  along  the  southwest 
shore  of  Tab  Bay.  In  the  vicinity  of  the  ore  deposits  the  greenstone 
is  cut  by  many  granite  dikes  with  associated  quartz  veins.  The 
developments  to  date  consist  of  one  prospect  adit  about  10  feet  long 
and  a  number  of  surface  clearings  to  expose  the  outcrops.  The 
largest  outcrop  noted  is  about  25  feet  across  and  is  concealed  on  alt 
sides  by  Vegetation.  It  is  essentially  magnetite,  but  in  places  carries 
considerable  chalcopyrite.  The  numerous  outcrops  of  magnetite 
cover  a  lai^er  area,  but  the  workings  are  as  yet  too  meager  to  show 
the  size  of  the  ore  bodies  or  the  nature  and  extent  of  the  copper- 
bearing  rock. 

HXTTA  IXLZT  AKD  COKSOVA  BAT. 

The  principal  producer  on  Hetta  Inlet  was  the  Jumbo  mine,  which 
was  operated  throughout  the  year  on  a  large  scale.  The  mine  was 
leased  from  the  Alaska  Industrial  Co.  in  November,  1915,  Dy  Charles 
A.  Sulzer  and  since  that  time  has  been  operated  on  this  lease.  A 
small  sawmill  has  been  erected  on  the  beach  south  of  the  ore  bunkers 
and  supplies  timber  for  mining  and  building.  It  is  planned  to  move 
the  town  of  Sulzer  to  the  vicinity  of  the  mine  wharf. 

The  Rex  and  Idela  claims,  recently  located  by  Jack  Smith  and 
"William  Fox,  are  on  the  south  slope  of  Green  Monster  Mounts  at 
an  elevation  of  1,700  feet  and  may  be  reached  by  trail  from  the  head 
of  Cholmondeley  Sound,  a  distance  of  about  5  miles.  The  develop- 
ments consist  of  a  number  of  open  cuts  and  short  adits  which  have 
exposed  a  mineralized  zone  for  several  hundred  feet  in  an  easterly 
direction.  The  ore  bodies  are  lenses  of  chalcopyrite-bearing  magne- 
tite associated  with  masses  of  gamet-epidote-diopside  rock  along  the 
contact  of  the  limestone  and  intrusive  quartz  diorite.  A  Uttle  mala- 
chite abo  occurs. 

On  the  Rex  claim  a  short  adit  has  been  driven  into  a  body  of 
magnetite-chalcopyrite  rock  inclosed  between  quartz  diorite  and 
limestone.  The  ore  bodies,  so  far  as  could  be  judged  hy  the  few 
surface  workings,  are  contact-metamorphic  deposits  similar  in  general 
character  to  the  deposits  on  Copper  Mountain. 

Deposits  of  zinc  ore  occur  on  the  ridge  about  IJ  miles  northeast 
of  Sulzer,  These  deposits  wore  not  visited  by  the  writer,  and  infor- 
mation regarding  them  was  obtained  from  Mr.  W.  C,  Waters.  They 
occur  at  an  elevation  of  about  2,000  feet  on  top  of  a  low  ridge  that 
extends  westward  from  Beaver  Mountain  and  divides  the  drainage 
of  Portage  Bay  from  that  of  Polk  Inlet  and  Twolvomile  Arm.     The 
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country  rock  xK)nsists  of  cryBtaUiue  limeBtone,  black  slate,  and 
quartzite,  which  strike  N.  70'  W.  and  dip  70°  NE.  The  limestone 
caps  the  ridge  and  appears  to  overlie  the  other  rocks  but  is  strati- 
graphically  lower,  its  steep  dip  carrying  it  below  the  slate  and 
quartzite.  The  ore  deposits  occur  in  limestone.  Specimens  of  the 
ore  examined  by  the  writer  consist  essentially  of  zinc  blende  with  a 
little  galena  in  a  limy  matrix. 

The  Lakeside  claim,  on  the  extreme  south  end  of  Sukkwan  Island, 
is  being  developed  by  P.  A,  Tucker  and  Hal  Gould.  Undergroimd 
developments  in  September,  1916,  consisted  of  a  vertical  shaft  51 
feet  deep  and  a  crosscut  at  this  level  41  feet  in  length.  The  country 
rock  is  altered  pyroxenite,  a  basic  rock  which  is  intrusive  into  the 
greenstone  schists  fmd  associated  schistose  sediments.  The  green- 
stone schists  are  bedded  tuffs  and  lava  flows  of  andesitic  composition 
with  considerable  secondary  chlorite,  epidote,  and  calcito.  The 
pyroxenite,  a  rock  originally  composed  essentially  of  pyroxene  and 
olivine,  has  been  altered  to  epidoto,  calcite,  and  serpentine.  The 
greenstone  schists,  the  sediments,  and  the  altered  pyroxenite  are  all 
cut  by  quartz  diorite,  a  lai^e  boss  of  which  occupies  the  rugged  hills 
of  the  interior  of  the  island.  The  schists  and  sediments  strike  N. 
30°  W.  and  dip  southwest  at  steep  angles.  The  ore  deposits  occur 
in  strongly  minerahzed  shear  zones  along  the  contact  of  the  pyroxenite 
and  the  greenstone,  for  the  most  part  in  the  altered  contact  zone  of 
the  pyroxenite.  Two  such  shear  zones  have  been  cut  in  the  crosscut. 
One  of  these,  in  the  southwest  end  of  the  crosscut,  strikes  N.  20°  W. 
parallel  to  the  strike  of  the  country  rock,  but  dips  northeasterly. 
For  a  width  of  about  5  feet  the  pyroxenite  is  mineralized  with  dis- 
seminated chalcopyrite.  The  other  shear  zone  is  in  the  northeast 
end  of  the  crosscut  and  lies  aloi^  a  vertical  fault  striking  N.  20°  W. 
It  incloses  about  2  feet  of  good  chalcopyrite  ore. 

No  other  development  is  in  progress  on  Sukkwan  Island,  hut  at 
several  places  the  schists  show  considerable  pyrite  mineralization. 

Harry  Wills,  representing  the  Alaska  Tidewater  Co.,  of  Seattle, 
has  located  copper  claims  on  the  long  peninsula  east  of  Sukkwan 
Island,  a  mile  north  of  Lime  Point,  and  plans  active  development  in 
the  near  future.     The  claims  are  known  as  the  Teresa  and  Florence. 

WXBT  COAST. 

Developments  were  continued  at  the  Big  Harbor  mine,  on  Troca^ 
dero  Bay,  and  a  test  shipment  of  ore  was  made.  No  notable  pro- 
duction has  ever  been  made  from  this  mine,  but  development  work 
has  been  in  progress  since  1908  and  several  shipments  of  ore  have 
been  made.  The  property  was  acquired  in  1916  by  W.  W.  Sweet, 
E.  W.  Sweet,  and  N.  P.  Olson,  who  have  incorporated  under  the 
name  Southeastern  Alaska  Copper  Corporation. 
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The  ore  body  is  a  wide  zone  of  silicified  greenstone,  within  which 
are  shear  zones  canyii^  lenses  of  rich  chalcopyrite  ore  and  stringer 
lodes.  The  country  tock  on  the  footwall  of  the  lode  is  composed  of 
altered  calcareous  and  arenaceous  sediments;  on  the  hanging-wall 
side  it  is  albite-bearing  schist.  The  lode  strikes  N.  60°  E.  and  dips 
60°  NW. 

The  principal  developments  to  date  have  been  on  three  claims  on 
the  chalcopyrite  lenses  aloi^  the  hanging  wall  of  the  lode.  The  ore 
bodies  exposed  in  the  workings  on  the  Northland  No.  1  cl^m  were 
described  in  datail  in  a  previous  report.*  The  developments  on  the 
Northland  Nos.  2  and  3  claims  consist  of  an  adit  and  a  connecting 
vertical  shaft  120  feet  deep,  from  which  crosscuts  have  been  extended 
at  2S,  48,  and  120  feet  below  the  surface.  The  shaft  for  its  entire 
depth  is  in  ore  consistii^  of  pyrite  and  chalcopyrite.  An  adit  64 
feet  long  connects  with  the  shaft  2S  feet  below  its  mouth.  This  adit 
and  a  10-foot  crosscut  beyond  are  all  in  ore,  the  lode  material  con- 
sisting of  silicified  greenstone  strongly  mineralized  with  pyrite  and 
chalcopyrite.  A  20-foot  crosscut  on  the  48-foot  level  was  for  17 
feet  in  pyrite-chalcopyrite  ore  and  3  feet  in  barren  rock.  On  the 
120-foot  level  an  18-foot  crosscut  shows  11  feet  of  pyrite-chalcopyrite 
rock  and  7  feet  of  slightly  mineralized  rocks,  but  a  drill  hole  in  the 
face  penetrates  another  body  of  sulphide  rock.  The  workings  at 
this  place,  known  as  the  upper  workings,  appear  to  be  on  the  same 
lode  as  the  lower  workings,  for  the  ore  bodies  have  been  traced  more 
or  less  continuously  from  the  lower  to  the  upper  workings  by  out- 
crops of  chalcopyrite-bearing  rocks.  The  crosscuts  at  the  upper 
workings,  however,  have  not  cut  the  hanging  wall  of  the  lode,  so  it 
would  appear  that  the  rich  chalcopyrite  lenses  occurring  along  the 
hanging  wall  have  not  yet  been  opened  and  that  the  present  workings 
are  in  the  leaner  part  of  the  lode.  It  is  plaimed  to  continue  sinking 
at  the  upper  workings  to  a  depth  of  500  feet  and  to  crosscut  every 
50  feet.  At  the  lower  workings  a  raise  to  the  surface  wiU  be  completed 
and  sinking  continued  to  a  depth  of  250  feet,  with  crosscuts  every  50 
feet. 

DAU.   ISLAND. 
KcUOD  BAT. 

A  number  of  claims  have  been  located  on  McLeod  Bay,  near  the 
south  end  of  Dall  Island.  Considerable  development  work  has  been 
done,  including  three  adits  and  a  number  of  open  cuts  and  shafts 
besides  several  substantial  buildings.  The  cldms  comprise  several 
groups  and  include  the  Golden  Chariot,  Blks  Pup,  Elk,  Daykoo, 
Delaware,  No  Name,  Virginia,  Wesf  Virginia,   and  others.    The 
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principal  development  work  has  been  done  on  the  Golden  Chariot, 
West  Virginia,  and  New  York.  This  property  is  now  controlled  by 
W.  D.  McLeod  and  others. 

The  footvall  of  the  lode  is  massiTe  cryBtaJhne  limestone;  the  hang- 
ing wall  is  crystalline  schist.  Two  well-defined  ore  bodies  occur — a 
strong  vein  of  quartz  ranging  in  thickness  from  40  to  60  feet,  and  a 
parallel  stringer  lode,  the  two  lodes  with  the  intervening  impreg- 
nated rock  forming  a  mineralized  zone  from  200  to  600  feet  wide. 
The  couutry  rock  is  crystalline  limestone  and  siliceous  schist  and 
quartzite  with  a  little  greenstone  schist.  The  beds  strike  N.  45°  W. 
and  dip  30^-i5°  NE.  The  quartz  vein  is  the  most  conspicuous  of 
the  ore  bodies.  It  has  a  general  northwest  strike,  dips  northeast, 
aboat  parallel  to  the  beds,  and  occupies  the  contact  between  the 
limestone  and  schist.  It  has  been  traced  by  workings  and  surface 
cuts  for  a  number  of  claim  lengths  but  is  best  exposed  on  the  Elk 
claim  by  two  adits  and  an  open  cut,  which  crosscut  the  vein  in  three 
places.  Along  the  hanging  wall  there  is  a  gouge  seam  about  3  feet 
thick,  and  a  number  of  parallel  Beams  of  gouge  occur  on  the  hanging 
wall  side  of  the  vein.  Gouge  also  occurs  along  the  footwaU.  The 
quartz  is  rusty  and  brecciated  and  breaks  down  easily  under  the 
hammer.  He  vein  is  being  developed  for  its  gold  content.  The 
principal  metallic  mineral  is  chalcopyrite,  with  lesser  amounts  of 
pyrite  and  galena.  The  very  little  gold  that  is  visible  is  behoved  to 
occur  in  association  with  the  sulphides.  The  stringer  lode  has  not 
been  extensively  exploited.  Several  attempts  have  been  made  to 
open  some  of  the  rich  stringers  within  it,  but  no  systematic  develop- 
ment of  the  lode  as  a  whole  has  been  made.  On  the  beach  claims  on 
the  southwest  side  of  McLeod  Bay  this  lode  from  the  beach  to  the 
moss-covered  area  has  a  surface  width  of  400  feet  and  an  actual 
width  of  260  feet.  This  is  a  minimum  width  of  the  lode  at  this  place, 
as  it  probably  extends  beneath  the  moss-covered  area  between  the 
exposed  part  and  the  vein.  At  this  place  the  lode  is  composed  of 
quartzose  schist,  carryilig  several  strong  veins  of  quartz  and  innumer- 
able stringers  and  gash  veins.  Both  quartz  and  schist  aj'e  metallized 
with  chalcopyrite,  pyrite,  and  galena.  Particles  of  free  gold  occur 
sparingly,  and  individual  stringers  appear  to  he  very  rich.  The 
schist  is  uniformly  metalhzed  with  particles  and  tiny  stringers  of  the 
sulphides. 

Attempts  have  been  made  to  open  some  of  the  richer  of  the  indi- 
vidual veins,  but  this  method  of  mining  will  not  prove  satisfactory, 
for  the  veins  are  lenticular  in  habit  and  tend  to  pinch  out  both  later- 
ally and  vertically.  The  lode,  owing  to  its  diffused  mineralization 
over  so  great  a  width,  lends  itself  much  more  readily  to  exploitation 
on  a  large  scale  and  should  be  further  investigated  with  this  in  view. 
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The  Lucky  Strike  claim  is  on  the  crest  of  Dall  Island,  at  an  eleva- 
tion of  1,300  feet.  It  is  3  miles  east  of  the  head  of  Gooseneck  Har- 
bor, on  the  west  coast,  and  4  or  5  miles  west  of  Sawmill  Cove  and  may 
be  reached  by  a  trail  starting  tram  a  point  about  1}  miles  south  of 
the  entrance  to  Grace  Harbor. 

The  country  rock  consists  of  metamorphic  schist,  limestone  schist 
and  thio  beds  of  limeBtooe.  The  lode  where  not  covered  by  v^eta- 
tioa  appears  to  be  a  shear  zone  in  the  schist,  mino-alized  with  chal- 
copyrite,  pyrite,  and  much  limonitic  material.  It  is  cut  by  stringers 
of  bluish  quartz  carrying  bunches  of  pure  chalcopyrite.  The  schist 
strikes  east  and  is  nearly  vertical;  the  quartz  stringers  strike  N.  20" 
E.  and  dip  60°  SE. 

OOOO  KAXBOS. 

The  Silver  Star  claim  is  about  three-quarters  of  a  mile  from  the 
head  of  Coco  Harbor,  at  an  elevation  of  1,700  feet.  The  dominant 
rocks  between  the  prospect  and  the  beacb  are  crystalline  timestone, 
greenstone  schist,  and  black  blocky  schists.  There  are  two  parallel 
lodes  having  a  general  strike  of  N.  55°  W.  and  a  steep  northeast  dip, 
about  parallel  to  the  strike  and  dip  of  the  inclosing  limestone  beds. 
The  Wger  lode  pinches  and  swells,  ranging  in  width  from  a  few 
inches  to  2}  feet,  and  veinlets  of  the  sulphides  penetrate  the  wall 
rock,  increasing  in  places  the  width  of  mineralized  rock  The  visible 
contents  are  essentially  sphalerite,  chalcopjrrite,  and  galena,  with  a 
relatively  small  amount  of  gangue.  The  other  lode,  about  30  feet 
northeast  of  this  one,  is  of  similar  appearance  and  is  composed 
of  sphalerite,  chalcopyrite,  and  galena.  Assays  made  on  a.  sample 
of  this  ore  body  showed  notable  amounts  of  gold,  silver,  zinc,  lead, 
and  copper. 

The  undd^ound  workings  consist  of  a  50-foot  adit  and  two  drifta, 
The  adit  was  started  on  the  outcrop  of  the  main  lode  but  apparently 
drifted  away  from  it.  Cabins  have  been  built  both  at  the  claim 
and  on  the  beach,  and  a  good  trail  leads  from  the  beach  to  the  claim. 

The  Shellhouse  claims  are  half  a  mile  northwest  of  the  head  of 
Coco  Harbor,  at  an  elevation  of  350  feet.  A  good  trail  leads  from 
the  cabin  on  the  beach  to  the  workings,  which  consist  of  an  adit  and 
a  number  of  open  cuta.  The  principal  showings  of  ore  are  found  in 
a  lai^e  open  cut  above  the  adit.  Samples  taken  from  this  open  cut 
consist  essentially  of  pyrrhotite  and  chalcopyrite. 

AKTmOlTT  LODE  0«  OAAHAHO  POIVT. 

A  lode  of  antimony  ore  was  recently  discovered  on  Caamano  Point, 
the  southern  extremity  of  Cleveland  Peninsula.  The  country  rock 
is  blue  limestone  intricately  veined  with  calcite  and  quartz  stringers 
and  apparently  interbedded  with  greenstone.  The  limestone  beds 
strike  N.  60°  W.  and  dip  45°  NE.  The  developments  to  date  con- 
sist of  a  12-foot  shaft,  a  crosscut,  and  several  open  pits  besides  a 
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blacksmith  ahop  and  a  ehort  trail  to  the  beach.  The  principal  ore 
body  exposed  by  the  workings  is  a  lode  of  solid  stibnite  ore  about  3^ 
feet  wide,  trendiiig  N.  60"  W.,  parallel  to  the  strike  of  the  limestone 
beds,  and  standing  nearly  Tertical.  Ite  length  is  not  evident,  but 
parallel  to  it  are  smaller  bunches  of  stibnite  ore,  all  occurring  in  a 
brown-stained  limestone  ledge.  The  ore  is  composed  of  bunches  of 
solid  stibnite  (antimony  sulphide)  with  yellow  alteration  products 
along  the  fractures. 

NONHBTAUJO  FBODtrOTB. 


The  marble  quarry  of  the  Vermont  Marble  Co.  at  Tokeen,  on 
Marble  Island,  was  operated  on  about  the  usual  scale,  employing  50 
men.  Assessment  work  was  continued  on  the  property  of  the 
Mission  Marble  Co.,  on  Orr  Island;  on  the  Dickinson  and  Bell  claims, 
on  Carroll  Inlet;  and  on  the  Marble  Heart  and  associated  groups,  on 
the  west  coast  of  Dall  Island,  but  no  production  was  made.  The 
marble  deposits  of  southeastern  Alaska  are  described  in  detail  in 
a  forthcoming  Survey  bulletin.' 


Development  work  on  the  barite  deposit  on  IJme  Point,  Prince  of 
Wales  Island,  was  continued  in  1916  by  a  small  crew  of  men,  and  a 
crushing  plant  near  the  Jumbo  wharf  was  in  process  of  construction. 

WRANOELL  DISTRICT. 
WOBWODSEI  ISIiAND. 

The  only  productive  mining  in  the  Wrangell  district  in  1916  was 
at  the  Mud  of  Mexico  mine,  on  Woewodski  Island  (fig.  1),  from 
which  a  small  test  shipment  of  ore  was  made. 

The  property  consists  of  six  claims,  comprising  the  Maid  of  Mexico, 
Maid  of  Mexico  South  Extension,  and  Maid  of  Mexico  Korth  Exten- 
sion Nos.  1,  2,  and  3,  situated  on  the  border  of  Spear  Lake,  about  1^ 
miles  from  the  coast,  at  an  elevation  of  400  feet.  This  property  is 
being  developed  on  a  vein  of  quartz  carrying  metallic  sulphides  and 
free  gold.  The  country  rock  is  greenstone  schist  with  intcrbedded 
black  slate  cut  by  dikes  of  porphyry.  The  dominant  strike  is  about 
east,  with  a  steep  dip  to  the  south.  The  vein  is  about  parallel  to 
tiie  inclosing  country  rock.  It  strikes  from  east  to  N.  60°  E.  and 
dips  60°-80°  to  the  south  and  southeast.  It  follows  the  porphyry, 
in  places  lying  between  porphyry  and  black  slate  and  in  places 
penetrating  tiie  porphyry.     The  vein  averages  41  feet  in  width  in 
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the  iindergrouiul  woridngs,  but  in  the  open  cuts  on  the  Maid  of 
lifexico  North  Extension  No.  1  it  is  much  laiger.  Where  the  vein 
cuts  the  porphyry  dikes  it  is  wider  and  more  iiregular  than  where 
it  lies  between  slate  and  porphyry.  The  quartz  carries  sphalerite, 
galena,  pyrite,  and  chalcopyrite,  fuid  in  places  considerable  -visible 
gold.  The  walls  are  very  clean,  and  the  ore  breaks  away  easily.  A 
smalt  parallel  stringer  occurs  about  50  feet  north  of  the  main  lode. 
South  of  the  Maid  of  Mexico  another  lode  has  been  cut  on  the  ad- 
joining Maid  of  Texas  group  of  claims  but  has  not  been  opened. 


"'■^- 

fe*^ 

1 

PRINCE  or  wales] 

FiQimc  1.— Uap  shovlDi  ItxMtoo  ot  i«ap«ati  la  ths  vlolnlty  ol  Wruigsll. 

The  principal  work  has  been  done  on  the  Maid  of  Mexico  clum. 
A  crosscut  adit  130  feet  long  cuts  the  vein  82  foet  below  the  surface, 
and  from  this  point  a  drift  has  been  extended  20  feet  to  the  west 
and  150  feet  to  the  east  along  the  vein.  The  vein  has  also  been 
exposed  by  surface  trenching  above  the  adit  and  drift  and  also  by 
open  pits  on  the  Maid  of  Mexico  North  Extension  No.  1  and  a  short 
adit  on  the  boundary  line  between  the  two  clums. 

KAIMXANS. 

Assessmrait  work  was  continued  in  1916  at  the  properties  in 
Ground  Hog  and  Glacier  basins.  These  properties  are  located  12 
miles  east  of  Wrangell,  on  the  munland,  and  may  be  reached  by 
trail  from  the  cabin  at  t^e  mouth  of  Mill  Cieek  to  t^e  foot  of  Mill 
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Lake,  bj  boat  across  the  lake  a  distance  of  3  miles,  and  by  trails 
from  the  head  of  the  lake — one  trail  leading  to  Glacier  Basin  and 
another  along  Porterfield  Creek  to  Groimd  Hog  Basin — a  distance  of 
about  4}  miles  from  the  head  of  S£ll  Lake. 

The  workiiiga  are  at  elevations  of  about  1,500  to  2,100  feet  on  the 
eastern  branch  of  Porterfield  Creek.  Two  ore  bodies  are  being 
developed,  one  on  each  side  of  the  creek.  The  country  rock  is 
argilhte  and  crystalline  schist  composed  essentially  of  quartz,  feld- 
spar, biotite,  and  hornblende,  with  accessory  garnet,  rutile,  and 
pyrite.  The  general  strike  is  northwest  with  st«ep  di{>3  northeast. 
Ilie  schist  is  cut  by  bodies  of  porphyritic  quartz  diorite  and  dikes  of 
alaskite  porphyry,  a  light-colored  rock  composed  of  quartz,  ortho- 
da.se,  and  microcline  with  a  little  biotite  and  garnet  as  accessory 
minerals. 

South  of  the  creek  a  15-foot  adit  crosscuts  a  lode  about  10  feet 
wide  with  a  hanging  wall  of  schist  and  a  footwall  of  argiUite,  The 
lode  carries  galena  and  sphalerite.  Along  the  hanging  wall  occurs 
about  20  inches  of  nearly  aohd  galena.  The  remainder  of  the  vein 
contains  disseminated  galena  and  sphalerite.  Mineralization  was  less 
pronounced  toward  the  footwall,  where  the  mineralized  rock  passes 
gradually  into  t^e  slate  country  rock. 

Other  workings  are  on  ihe  north  side  of  the  creek  at  an  elevation 
of  2,100  feet  and  consist  of  open  cuts  and  two  adits,  one  12  and  one 
160  feet  in  length.  The  ore  bodies  are  inclosed  in  dense  green 
crystalline  schist  cut  by  many  porphyry  dikes,  along  wluch  the 
lodes  have  been  formed.  Both  country  rock  and  lodes  strike 
N.  45**  W.  and  dip  63"*  NE.  The  best  exposures  are  found  in  the 
ong  adit,  which  trends  N.  55°  E.,  almost  perpendicular  to  the 
strike  of  the  country  rock  and  the  lode,  and  which  outs  the  lode 
about  70  feet  from  the  portal.  The  lode  as  exposed  in  this  opening 
has  a  stope  length  of  30  feet  and  a  width  nearly  as  great.  It  is 
diffusely  mineralized  with  sphalerite,  galena,  and  pyrite  and  con- 
tains lenses  of  nearly  soUd  sulphide  ore.  Sulphide  minerals  with 
accom.panying  quartz  stringers  occur  in  the  green  schist  near  the 
face  of  tiie  adit.  About  100  feet  above  Uiis  opening  there  are  a 
number  of  surface  cuts  and  a  short  adit  in  the  outcrop  of  the  lode, 
-which  may  be  traced  along  the  side  of  the  gulch  for  a  long  distance 
by  the  wide  zone  of  oxidized  rocks. 

Development  work  was  continued  on  the  Berg  property,  on  the 
mainland  about  20  miles  southeast  of  Wrangell.  It  is  reported  that 
an  adit  has  been  driven  for  300  feet,  and  that  work  will  be  resumed 
in  the  spring. 
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By  Henby  M.  EIakin. 


OENER^Ii  SmiMABT. 

The  pr<^eBa  of  the  mining  industry  in  the  Juneau  gold  belt  (Pis. 
VI  and  VII)  in  1916  waa  marked  by  the  continued  large-ecale  opera- 
tion of  moBt  of  the  established  plants,  by  the  construction  of  larger 
reduction  planta  on  properties  of  advanced  development,  and  by  the 
consolidation  and  enlargement  of  enterprise  in  the  exploitation  dF 
properties  hitherto  but  little  developed.  Advance  was  made  in 
determining  the  extent  and  character  of  reserves  in  the  several  mines, 
in  more  specifically  delineating  mining  difficulties  that  threaten 
safety  or  economy  of  operation,  and  in  adapting  systems  of  explora- 
tion and  i"'"iTig  to  overcome  these  difficulties. 

The  Treadwell  group  of  mines,  on  Douglas  ibland,  carried  on 
normal  operations  mitil  August  1,  when  part  of  the  stamp-mills  were 
shut  down  to  avoid  further  drawing  of  ore  from  beneath  settling 
ground  that  threatened  the  safety  of  the  IVeadwdl,  Seven  Hundred 
Foot,  and  Mexicanminea.  The  other  properties  continued  operating 
as  usual.  Other  activities  on  Douglas  Mand  included  assessment 
work  on  a  number  of  different  properties  south  of  the  Treadwell 
group  and  diamond-drill  prospecting  on  the  Tyee,  Jersey,  and 
Holman  claims,  north  of  Treadwell. 

On  the  mainland  near  Juneau  the  Alaska  Gastineau  and  Alaska 
Juneau  properties  were  in  active  operation,  and  development  work 
was  in  prt^ess  on  the  AlasJ^a  Ebner  property.  Prospecting  equiva- 
lent to  the  required  assessment  work  was  done  on  several  other 
properties. 

NcNTth  of  Juneau  along  the  gold  belt  the  Eagle  Biver,  Jualin,  and 
Kensington  enterprises  represented  the  chief  activity.  The  Eagle 
River  and  Yankee  Basin  properties  were  consohdated  early  in  the 
year,  but  no  development  work  beyond  the  annual  assessment  work 
was  done.  The  Jualin  mine  operated  on  a  moderate  scale  throughout 
the  year.  The  new  project  of  developing  and  equipping  the  Ken- 
sington mine  on  a  500-ton  daily  basis  was  being  rapidly  executed  in 
1916,  with  a  view  to  completion  by  the  spring  of  1917. 

South  of  Juneau  only  small-scale  operations  were  carried  on  in 

1916.     The  Alaska  Gold  Belt  Co.  did  a  httle  open-cut  prospecting 

on  its  claims  at  the  head  of  Grindstone  Creek.    At  Taku  Harbor 

several  claims  are  stiU  held.    At  Limestone  Inlet  WiUiama  &  Leak 
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installed  a  &-stamp  mill  and  tramway  on  their  property  and  are 
reported  to  have  milled  some  ore.  Small  operations  at  Snettisham 
are  also  reported.  At  Windham  Bay  a  consolidation  of  propertios 
with  a  view  to  larger  enterprise  in  development  had  been  made,  and 
engineers  were  on  the  ground  during  the  summer  making  examina- 
tions in  the  interests  of  prospective  inyeators. 

West  of  Juneau,  at  Funter  Bay,  on  Admiralty  Island,  four  different 
properties  are  held,  and  assessment  work  for  1916  is  reported  to  have 
been  done  on  each.  The  ground  of  the  Funter  Bay  Gold  Mining  Co. 
has  passed  into  the  ownership  of  a  new  concern,  the  Admiralty  Alaska 
Gold  Mining  Co.  The  10-atamp  mill  on  thia  property,  which  had 
been  run  for  several  months  testing  ores,  was  shut  down  early  in 
1916,  and  development  work  was  suspended  pending  financial 
arrangements  for  enlarged  operations. 

DOUaniS  ISLAND. 
TKBABWBLI.  OBOUP. 

The  Treadwell  group  of  mining  companies,  operating  on  Douglas 
Island,  carried  on  mining  and  milling  operations  as  usual  for  the  first 
seven  months  of  the  year,  treatiDg  972,765  tons  of  ore,  an  average  of 
138,966  tons  a  month.  Late  in  July  signs  of  a  subsidence  of  the 
hanging  wall  appeared  at  the  surface  near  the  boundary  between  the 
Treadwell  and  Seven-Hundred  Foot  claims,  over  the  workings  from 
which  the  main  supply  of  ore  was  being  drawn.  To  protect  the 
mines  from  the  dangers  of  further  subsidence  the  heavy  removal 
of  this  ore  was  discontinued  August  1  and  the  240-Btamp  mill  and 
half  the  SOO-stamp  mill  were  shut  down.  The  remaining  550  stampe 
continued  normal  operations  for  the  rest  of  the  year,  treating  422,215 
tons,  or  an  average  of  S4,443  tons  monthly,  a  deficiency  of  54,523 
tons  a  month  compared  with  previous  operations. 

The  ore  treated  during  the  whole  year  abrogated  1,394,980  tons, 
with  a  total  production  of  82,466,936  worth  of  bullion.  The  f  oUowii^ 
table  gives  the  yearly  gold  production  of  the  mines  from  the  com- 
mencement of  operations : 

Valut  of  gold  prodtieed  6y  Treadwell  group  of  mirus,  Dougltu  hland. 

.  tl,  028,691 

.  1,  Oil,  693 

.  1,010,235 

.  1, 611, 857 

.  2,081,840 


.  476,934 
.  429,889 
.  652,490 


.  769,765 
.  707,017 


1894 909,990 


2,223,373 


1900. 
1901. 
1902. 

1903 2,667,914 

1904 2,845,994 

1905 3,146,715 

1906 3,085,324 

1907 2,520,000 


1908 

....  $3,124,047 

1909 

....  3,534,871 

1910 

....  3,737,498 

1913 

....  3,904,066 

1914 

....  3,743,945 

1915 

....  3,228,066 

1916 

....  2,466,936 
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The  subsidence  of  the  surface  mentioned  above  has  followed  a 
series  of  cavings  in  the  upper  workings,  which  began  as  early  as  1913. 
It  has  been  accompanied  by  Assuring  in  the  hanging  wall  and  the 
appearance  of  a  moderate  flow  of  salt  water  on  the  1,600-foot  level, 
'Hiese  phenomena  constitute  a  menace  that  must  be  taken  into 
account  in  further  operations.'  They  affect  the  rate  at  which  the 
broken  and  caved  pillar  ore  can  be  safely  drawn  from  the  upper 
levels,  and  perhaps  also  the  amount  of  this  stock  that  can  be  finaUj 
utilized. 

Shrinkage  in  assay  values  of  the  material  in  the  intermediate  levels 
down  almost  to  the  2,100-foot  level  has  caused  the  abandonment  of 
stopes  that  otherwtee  might  have  supphed  the^  requisite  ore  for 
n<Hinal  milling  operations  at  the  present  time.  As  the  levels  below 
the  2,100-foot  level,  where  the  ore  is  of  higher  value,  are  not  yet 
developed  to  the  productive  stage,  the  mill  supply  is  curtailed  to  the 
point  indicated  by  the  operations  after  July  I . 

Consideration  of  the  advantage  of  a  imified  system  of  operation 
of  the  Treadwell  group  of  mines  led  to  the  appointment  of  a  com- 
mittee to  determine  a  baais  of  consolidation.  The  report  of  this 
committee,  which  was  submitted  July  31,  1916,  is  in  large  part 
reproduced  in  the  Mining  and  Scientific  Press  of  August  26,  1916.  It 
presents  an  exhaustive  analysis  of  the  psBt  and  possible  future 
showing  of  the  different  properties,  discusses  geologic  and  mining 
conditions,  gives  the  conunittee's  findings  with  respect  to  an  equitable 
basis  for  consohdation,  and  proposes  a  program  for  future  develop- 
ment work.  The  plan  of  consohdation  appears  especiaUy  fortimate 
in  view  of  the  difliculties  that  have  arisen  to  make  the  expensive  work 
of  deeper  exploration  and  development  imperative. 

The  deeper  development  work  was  carried  on  rapidly  during  the 
year.  The  central  shaft  was  completed  for  the  2,500  and  2,700  foot 
levels,  and  the  combination  shaft  was  being  sunk  to  the  2,100-foot 
level.  An  incline  was  being  simk  in  the  Mexican  mine  below  the 
2,100-foot  level.  These  improvements  will  combine  to  give  a  com- 
plete service  and  ventilating  outlet  for  the  stopes  on  the  2,300,  2,500, 
and  2,700  foot  levels.  Diamond  drilling  below  the  2,300-foot  level 
waa  carried  on  in  the  Seven  Hundred  Foot  mine,  testing  the  ore 
body  at  least  to  the  2,700-foot  level, 

A  total  of  14,383  feet  of  development  work  was  done  during  the 
year  on  the  entire  group.  By  far  the  greater  amount  was  done  in  the 
Seven  Hundred  Foot  and  Ready  Bullion  mines  in  developing  the  ore 
bodies  in  the  lower  levels.  In  both  mines  the  reserves  of  ore  in  sight 
and  broken  ore  were  increased  materially.  The  development  work 
done  in  the  Mexican  mine  during  the  first  eight  months  of  the  year 
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was  mainly  on  the  2,100-foot  level.  The  later  work  was  chiefly  on 
the  2,300-foot  level,  where  preparations  for  stoping  are  in  pr<^ees. 
In  tho  TVeadwell  mine  development  work  was  practically  suspended 
after  August.  Earlier  in  the  year  considerable  work  had  been  done 
in  opening  prospective  ore  bodies  on  the  2,100  and  2,300  foot  levels. 

MAINLAND. 

ALASKA  OASTmSATr  UZNINQ  CO. 

The  Alaska  Gastineau  Mining  Co.  is  the  operating  company  for 
the  Alaska  Gold  Mines  Co.,  whose  properties  comprise  mineral  lands 
in  the  Sheep  and, Gold  creek  basins,  a  Tnil)  site  at  the  mouth  of 
Sheep  Creek,  and  water-power  sites  on  Salmon  and  Annex  cree^. 
The  development  of  all  these  properties  was  completed  in  1915,  and 
operations  were  carried  on  throughout  1916  on  a  6,000-ton  daily  basis. 
The  advantages  of  abundant  water  power,  modem  facilities,  and 
simplified  methods  of  extraction  have  afforded  the  lowest  cost  of 
operation  yet  achieved  in  the  region. 

Owing  to  the  addition  of  waste  from  the  hanging  wall  of  stopes  on 
the  higher  levels  the  average  tenor  of  the  ores  milled  fell  below  the 
original  estimate,  and  this  has  caused  misgiving  in  some  quarters 
regarding  the  ultimate  success  of  the  enterprise.  However,  the 
difficulties  in  the  way  of  selective  stoping  were  being  overcome 
and  the  tenor  of  ores  showed  a  gradual  improvement  month  by  month, 
promising  soon  to  reach  the  desired  grade.  Smaller  slopes  than  those 
originally  opened  are  necessary  to  the  production  of  cleaner  ore 
from  the  mine.  The  expense  of  mining  by  this  method  will  be 
greater,  but  it  will  be  offset  by  the  higher  tenor  of  the  ore  supplied 
tO'the  mill.  As  the  levels  in  the  1,600-foot  backing  above  the  main 
adit  are  developed  to  the  productive  stage  the  capacity  of  the  mine 
for  producii^  a  proper  grade  of  ore  will  increase,  and  without  doubt 
it  can  be  kept  equal  to  that  of  the  present  mill  for  a  long  period 
before  resort  to  the  reserves  below  the  main  adit  level  must  be  had. 

AT.  A  HIT  A  juheait  titOLD  umiNa  co. 

The  Alaska  Juneau  Gold  Mining  Co.  proceeded  enei^etically 
throughout  the  year  with  the  enlai^ed  development  of  the  mine  and 
the  construction  of  the  new  8,000-ton  mill. 

The  main  haulageway  from  mine  to  mill  was  widened  and  equipped 
throughout  with  double  tracks  of  50-pound  rails  suitable  for  the 
traction  of  10-ton  ore  cars,  which  are  to  be  used  exclusively  in  the 
enlarged  plan  of  operations.  The  development  of  the  north  ore  body 
was  advanced  by  the  completion  of  undercutting  the  great  stope, 
250  feet  wide  and  700  feet  long,  with  the  necessary  ore  ways, 
chambers,  and  gates,  for  drawing  ore  along  both  sides.    Work  pro- 
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ceeded  also  in  driving  raises  and  powder  tunnels  in  the  north  oro 
body  above  the  cnt-ont  area,  preparatory  to  the  enforced  caving  of 
ore  into  the  stope  chamber  as  drawing  proceeds.  The  south  ore 
body  was  developed  further  by  driving  on  working  and  prospect 
tunnels  and  by  preparations  for  stoping  selected  bodies  of  proved 
ore.  Although  it  is  expected  that  the  north  body  can  furnish 
enough  ore  to  supply  the  rated  capacity  of  the  mill,  the  development 
achieved  on  the  south  ore  body  makes  it  possible  to  supplement  the 
output  from  this  source  whenever  necessary, 

Tlie  construction  of  the  mill  went  ahead  steadily  during  the  year. 
Late  in  autumn  the  housing  had  been  completed  and  the  installation 
of  machinery  and  power  plant  was  well  advanced,  with  the  expectation 
that  all  would  be  in  readiness  for  operation  early  in  the  spring  of 
1917.  The  new  mill  uses  jaw  crushers  to  reduce  the  ore  to  6-inch 
size,  gyratory  crushers  for  reduction  to  3-inch  size,  and  ball  mills  for 
the  first  phase  of  further  reduction.  Suitable  grizzlies  are  provided 
30  that  all  undersize  is  removed  ahead  of  each  crushing  operation. 
That  part  of  the  ball-mill  product  going  through  10-mesh  screens  is 
passed  to  roughing  concentrators;  the  oversize  from  these  screens  is 
returned  to  tube  mills  for  regrinding.  Classifiers  follow  the  roughers, 
the  fines  passing  to  the  finishing  tables  and  the  oversize  to  tube 
mills  for  regrinding.  Crushii^  and  concentrating  are  the  only  opera- 
tions in  the  process  of  ore  reduction.  The  ball-mill  practice  is  pat- 
terned closely  after  that  of  the  Inspiration  mill  of  Arizona. 

The  50-stamp  pilot  mUl  was  run  at  full  capacity  most  of  the  year, 
treating  a  share  of  the  ore  produced  in  enlarging  the  mine.  Its 
operation  not  only  served  to  utilize  the  ore  necessarily  produced  in 
drifting  and  opening  stopes  but  gave  practical  tests  of  ores  from  the 
different  workings  and  of  methods  of  treatment. 

JITAUN  HIKE. 

Operations  at  the  Juahn  mine  were  continued  during  1916  on  the 
reduced  scale  that  was  adopted  at  the  be^nning  of  the  European  war, 
owing  to  its  foreign  financial  backing.  However,  there  was  a  gradual 
increase  in  the  extent  of  operations  during  the  year,  the  force  of  20 
men  employed  at  the  start  being  increased  to  65  by  the  latter  part  of 
the  summer.  The  work  is  progressing  on  the  plan  of  milling  only  the 
ore  produced  in  developing  the  mine.  No  stoping  is  done,  as  the 
10-stamp  mill  is  fully  supplied  by  the  ore  that  is  taken  from  the 
shafts  and  drifts  that  are  being  driven  on  the  lodes.  Although  the 
mine  is  being  developed  into  a  larger  producer  more  slowly  than  was 
ori^nally  planBed,  the  present  operations  have  the  advant^e  of 
being  self-supporting. 
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According  to  Ejiopf  '  the  work  done  prior  to  1910  had  developed 
three  parallel  veins,  75  feet  apart,  trending  N.  40°  W.  and  dipping 
60°  NE.  to  90°.  At  that  time  the  workings  had  reached  a  deptJi  of 
200  feet  below  the  adit  level,  which  ia  750  feet  above  the  sea. 

The  later  development  work  has  been  directed  mainly  to  the  two 
outeide  veins.  The  worJdngs  have  reached  a  depth  of  310  feet  below 
the  adit  level,  and  it  is  planned  to  extend  them  as  rapidly  as  possible 
to  1,000  feet  below  the  adit. 

The  northeast  vmn  has  an  average  width  of  about  71  feet,  and  the 
southwest  vein  of  5  feet,  in  the  developed  areas.  The  horizontal 
extent  of  the  ore  bodies  in  each  vein  is  about  400  feet. 

The  mine  waters,  which  were  formerly  a  lundrance  to  operations, 
are  now  fully  controlled.  They  are  collected  on  the  300-foot  level 
and  pumped  to  the  surface  at  the  rate  of  about  500  gallons  a  minute. 
The  deeper  development  is  planned  so  (bat  the  mine  below  the  300- 
foot  level  will  be  entirely  dry.  Control  of  the  water  has  been 
achieved  by  additions  to  the  pumping  and  power  facilities.  About 
1,200  horsepower  is  developed  by  the  hydroelectric  plant  on  Johnson 
Creek  in  summer.  In  winter  this  is  reduced  to  about  100  horsepower, 
and  additional  power  is  developed  by  internal-combustion  engines  as 
required. 

The  plans  for  a  larger  mill  are  in  abeyance  pending  a  fuller  develop- 
ment of  the  mine  in  depth.  The  ores  in  the  upper  workings  are  free- 
miUiog,  so  that  ordinary  amalgamating  methods  give  a  high  recovery. 
In  neighboring  mines  the  ores  change  in  character  with  depth,  and  a 
high  extraction  from  the  deeper  ores  is  best  obtained  by  flotation 
methods.  The  continued  development  of  the  mine  on  a  moderate 
scale  will  give  excellent  opportunity  for  investigating  the  ores  and 
designing  the  best  equipment  for  their  treatment. 

KENSINOTOH  MINE. 

After  the  consolidation  of  the  Kensington,  Bear,  and  Comet 
properties  by  the  Hayden-Stone  intorests  the  combined  development 
of  the  Kensington,  Eureka,  and  Johnson  lodes  by  a  single  adit  tunnel 
was  undertaken.  This  tunnel,  known  as  the  Kensington  crosscut, 
was  completed  for  a  length  of  over  5,000  feet  in  1914,  and  additional 
work  was  done  in  drifting  on  the  different  lodes.  In  1915  only  the 
necessary  assessment  work  was  done  on  the  properties,  but  the 
reserves  that  had  been  developed  were  investigated  further,  and 
plans  were  matured  for  future  development.  These  plans  con- 
templated the  exploitation  of  the  known  reserves  with  the  least 
practicable  expense  for  equipment  and  operation.  The  lodes  were 
to  be  developed  from  the  Kensington  crosscut  only;  the  mill  was  to 
be  adapted  to  the  use  of  flotation  methods  of  extraction,  with  a  daily 

>  Enopf,  Adolph,  Oaology  ol  ttae  Benten  Ba;  r^cu,  Alsska:  V.  S.  Geol.  Surrey  Dull.  44S,  p.  45,  IBU. 
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capacity  of  500  tons;  power  was  to  be  developed  from  streams 
without  artificiaJ  watOT  stor^e,  and  the  scale  of  operations  at  diflerent 
seasons  was  to  he  adjusted  to  the  power  available  from  this  source — 
at  or  above  the  rated  capacity  of  the  plant  in  summer  and  at  a  standi 
stUl  for  a  part  of  the  winter.  The  quarters  and  other  housings 
on  the  properties  were  to  be  rehabilitated  and  enlarged  as  required, 
and  proper  rail  connections  between  mine  and  mill  were  to  be  con- 
Btnicted. 

Active  work  on  the  execution  of  these  plans  was  deferred  until 
1916,  when  it  was  begun  with  the  expectation  of  completion  early 
in  the  spring  of  1917.  The  time  schedule  adopted  for  different 
phases  of  the  work  penuitted  the  constant  employment  of  a  fairly 
uniform  force  of  workmen.  The  wharves,  buildings,  railways,  and 
trams,  hydroelectric  plant,  milling  plant,  and  concentrate  storage 
and  loading  plant  were  to  he  completed  in  the  order  named,  and 
productive  operation  was  to  begin  May  1,  1917,  on  the  completion 
of  the  miU.  The  progress  that  was  reported  late  in  1916  indicated 
that  this  time  schedule  was  being  met. 

The  Kensington  lode,  which  is  fuUy  developed  above  the  adit 
level,  is  to  furnish  the  main  supply  of  ore  for  the  first  milling  opera- 
tions. The  reserves  in  this  part  of  the  lode  are  said  to  exceed  500,000 
tons.  This  plan  will  permit  a  gradual  further  exploration  and 
development  of  the  Johnson  and  Eureka  lodes. 

The  ore  is  to  be  stoped  by  the  shrinkage  method  from  levels 
200  feet  apart,  and  delivered  to  the  main  haulageway  in  the  Ken- 
sington crosscut  through  an  ore-way  raise  in  the  footwall.  Tram- 
ways are  to  deliver  the  ore  from  stopes  to  the  ore-way  on  each  level. 
From  the  bottom  of  the  ore-way  the  ore  is  to  be  drawn  into  cars  and 
hauled  by  storage-battery  locomotives  to  a  250-ton  crib  outside 
the  portal  of  the  Kensington  crosscut.  The  ore  is  to  be  drawn  from 
the  crib  into  6-ton  skips  operating  on  a  3-rail  automatic  reversible 
inclined  tramway,  dehvering  at  a  150-ton  hopper  at  the  mill.  The 
hopper  bin  will  feed  the  ore  by  gravity  to  a  gyratory  crusher, 
giving  a  3-inch  product  to  be  elevated  to  a  500-ton  storage  bin.  Belt 
conveyors  are  to  carry  the  ore  from  the  storage  bin  to  ball  mills, 
whose  product  first  goes  to  equalizing  tanks  and  then  to  flotation 
machines.  The  flotation  product  is  then  to  be  dewatered  and 
loaded  directly  from  the  filter  to  &-ton  cars  for  haulage  to  the  wharf 
tipple. 

Experimental  work  in  the  flotation  of  the  Kensington  ores  shows 
that  this  method  of  treatment  is  far  superior  to  the  amalgamation 
process  that  was  formerly  used.  Extractions  of  92  per  cent  to  over 
97  per  cent  have  been  made,  about  4  pounds  of  oil  beii^  used  to 
the  ton  of  pulp.  Further  experiments  with  a  view  of  reducing  the 
consumption  of  oil  and  power  were  in  progress  during  1916. 
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PDNTEK  BAY,  ADMIRALTY  I8I.AND. 
GBOORAPHIC  FBATUBES. 

Fimter  Bay  is  formed  by  a  reentrant  in  the  east  shore  line  of 
Chatham  Strait  about  10  miles  south  of  Point  Betreat,  the  north 
extremity  of  Admiralty  bland.  It  ia  18  miles  directly  west  of 
Juneau,  but  by  water  routea  the  distance  is  over  50  miles.  The  bay 
is  about  a  mile  wide  and  2  miles  long.  The  shore  hue  is  irregular, 
and  the  bay  contains  a  number  of  fimall  islands  and  reefs.  There 
is  a  clear  steamboat  passage  well  into  the  head  of  the  bay,  and  it 
forms  an  excellent  harbor,  with  favorable  sites  for  docks  in  many 
places. 

The  shore  of  the  bay  ia  marked  in  most  oi  its  extent  by  low  sea 
diffs,  reachii^  10  to  30  feet  above  sea  level,  back  of  which  he  broad 
terraced  tracts  50  to  200  feet  above  the  sea.  Half  a  mile  from  the 
Bh<^e  Une  in  most  places  the  bay  is  encircled  by  mountains  that  rise 
very  abruptly  to  various  altitudes  up  to  3,500  feet.  The  mountains 
approach  nearer  the  shore  line  on  both  sides  of  the  entrance.  The 
lowlands  at  the  head  of  the  bay  ext«nd  northeastward  for  several 
miles. 

The  terraced  lowlands  and  the  mountain  slopes  are  heavily  tim- 
bered up  to  an  altitude  of  2,500  feet.  The  ground  in  the  timbered 
areas  is  generally  covered  with  moss  and  underbrush  and  above 
timber  line  with  a  heavy  matted  growth  of  shrubs  and  grasses,  so  that 
natural  bedrock  exposures  are  exceedingly  rare  away  from  the  coast. 
Geologic  study  is  therefore  greatly  assisted  by  the  numerous  open 
cuts,  strippings,  and  tunnels  that  have  been  made  on  the  mining 
prop^ties  during  the  30  years  that  have  elapsed  since  gold  was  first 
discovered  here  in  1887.  The  timber  is  largely  of  excellent  quahty 
spruce  and  cedar  and  far  exceet^  in  amount  any  probable  future 
requirements  for  mining  purposes. 

The  region  has  an  abimdant  rainfall,  so  that  the  run-off  is  copious 
and  fairly  constant.  The  low  elevation  of  the  streams  that  gather 
on  the  terraced  lowlands  permits  only  a  small  amount  of  water  power 
to  be  developed  from  them.  There  is,  however,  in  the  moimtains 
south  of  the  bay,  a  high  hanging  valley  whose  stream  is  said  to  bo  well 
adapted  to  large  power  development. 

GENERAL  GEOLOGY. 
The  rocks  of  the  Funtcr  Bay  district  include  a  highly  altered 
bedded  series,  dominantly  greenstone  schist  and  subordinately  hme- 
stone  or  marble,  and  a  few  small  dikes  of  diabase,  andesite,  and 
diorite,  which  cut  the  bedded  rocks  at  wide  intervals.  The  schistose 
cleavage  of  the  metamorphic  rocks  is  generally  parallel  with  the  bed- 
ding planes.     Locally  intense  crumpling  and  close  folding  on  a  small 
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Bcalo  tire  apparent,  but  in  general  the  bedded  rocks  lie  in  broad  and 
gentle  folds.  Over  considerable  areas  both  schistosity  and  bedding 
are  near  the  horizontal.  Joint  systems  on  both  lai^  and  small 
scales  cut  the  bedded  rocks  at  high  angles  with  the  schistosity  and 
bedding  or  near  the  vertical.  The  major  joint  planes  in  places  per- 
fflst  for  hundreds  and  even  for  a  thousand  feet  or  more  with  great 
regularity  in  strike  and  dip.  Such  largo  fractures  were  probably 
accompanied  by  some  differential  movement  between  the  blocks 
which  they  separate,  but  there  is  no  definite  indication  of  the  maxi- 
mom  displacement.  These  planes  are  generaUy  marked  by  quartz 
veins,  which  range  in  thickness,  in  the  different  individuals  observed, 
from  mere  films  to  nearly  60  feet.  At  one  locality  four  approxi- 
mately parallel  veins  were  measured  in  a  section  330  feet  across, 
whose  thickness  abrogated  90  feet.  Obviously  the  introduction  of 
this  amount  of  quartz  in  a  narrow  section  involved  displacement  of 
masses  of  the  rock.  T-shaped  and  L-shaped  bends  in  some  of  the 
veins  indicate  differential  movements  amounting  at  least  to  the 
tlucknesa  of  the  veins.  Other  veins,  which  gradually  thin  out  to 
their  ends,  do  not  have  this  significMice.  Faults  later  than  the 
veins  and  offsetting  them  occur  only  here  and  there,  according  to 
present  evidence. 

The  metamorphism  of  the  bedded  rocks  is  for  the  most  part  of 
r^onal  character  and  of  earUer  age  than  the  igneous  dikes  or  the 
quartz  veins  which  are  unsheared.  Later  metamorphic  agencies 
have  affected  the  bedded  rocks  locally,  adjacent  to  the  quartz  veins, 
resulting  in  silicification  and  bleaching  of  the  greenstone  schists, 
accompanied  by  the  introduction  of  sulphide  minerals  and  in  places 
of  gold.  Such  minerals  also  occur  in  bands  of  greenstone  schist 
without  associated  quartz  veins  at  two  locahties,  but  they  are  not 
believed- to  represent  a  distinct  period  of  minerabzation. 

ECONOUIC  QEOLOaT. 

The  quartz  veins  and  mineralized  schists  of  the  Funter  Bay  dis- 
trict are  generally  more  or  less  auriferous,  and  since  the  time  of  the 
original  cfiscovery  in  1887  sever^  tracts  have  been  held  for  mining 
purposes.  The  history  of  location,  abandonment,  and  relocation  of 
claims  in  the  district  is  too  tedious  to  narrate.  The  sahent  facts  are 
that  a  great  deal  of  prospecting  and  a  httle  mining  has  been  done,  and 
at  present  four  groups  of  clums  are  held,  on  only  one  of  which  develop- 
ment has  advanced  beyond  the  prospecting  stage.  These  properties 
are  the  Portage  group,  the  Seattle  group,  the  Admiralty  Alaska 
Gold  Mining  Co.'s  holdings,  and  the  Otterson  claims. 
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PORTAGE  GROUP. 

The  Portage  group  of  claims  are  about  2  miles  northeast  of  the 
head  of  Funter  Bay,  in  a  low,  rolling  timbered  area.  These  claims 
are  said  to  have  been  located  about  1894,  but  little  deTelopmeut 
work  had  been  done  prior  to  1904,  when  Wright  •  visited  the  district. 
He  describes  the  mineral  deposits  of  the  claims  as  follows: 

At  the  lower  workings  ie  tm  irr«sulEii  vein  apparently  composed  of  &  miccesHioii  of 
lenticular  quartz  maaees  inclaeed  in  alate.  The  strike  of  the  lead  correaponda  with 
the  northwest  strike  of  the  slaty  Htructure,  the  dips  heing  nearly  vertLcal.  The  vein 
carries  considerable  pyrite  and  chalcopyrite  with  small  amounts  of  galena,  but  aaBaya 
are  said  to  show  that  the  ore  is  of  low  grade.  A  small  shaft  and  open  cuts  expose  the 
quartz  at  several  points.  Up  the  hill  above  theee  workings  prospecting  has  been 
done  on  a  belt  of  mineralized  schiHt.  Thia  is  exposed  across  a  width  of  30  feet  and  has 
a  N.  10°  W.  strike  and  dip  NE.  65°,  the  footwall  being  defiDed  by  an  unmineralized 
and  massive  greenstone,  the  hanging  wall  by  a  gradual  decrease  in  mineralization. 

Additional  prospecting  has  been  done  on  the  property  year  by 
year  up  to  the  present  time,  measured  by  the  amount  of  assessment 
work  required  to  hold  title, 

SEATTLE    GROUP. 

A  number  of  claims,  known  as  the  Seattle  group,  about  2  miles 
80uthe&.st  of  the  Portage  group,  have  been  held  for  the  last  five  or 
six  years,  and  it  is  reported  that  considerable  work  has  been  done  in 
prospecting  them.  The  geology  is  ^milar  to  that  of  the  Fortf^e 
group,  the  prospects  being  mainly  in  mineralized  schists.  These 
rocks  are  apparently  similar  to  the  mineralized  schists  near  Youngs 
Bay,  about  15  miles  southeast  of  Funter  Bay,  and  also  to  schists  on 
Douglas  Island,  on  the  Yakima  and  Alaska  Treasure  properties. 

ADUIRALTY  ALASKA   GOLD  MINING  CO. 
LOCATION  OF  FSOPZS^T. 

The  holdings  of  the  Admiralty  Alaska  Qold  Mining  Co.  comprise 
two  groups  of  claims,  including  the  earliest  locations  made  in  the 
(Strict.  The  lower  group  is  on  the  south  shore  of  the  bay  halfway 
to  its  head  and  includes  the  Tellurium,  Uncle  Sam,  King  Bee,  Lone 
Star,  and  other  less  important  claims.  The  upper  group  is  on  the 
north  slope  of  the  mountains  half  a  mile  to  a  mile  southeast  of  the 
shore  claims.  It  includes  the  Patterson,  Heckler,  Washington, 
Mountain  Queen,  and  other  claims.     (See  Fl.  VI.) 

KISTOBT  OF  DEVSLOPXKRT. 

The  earlier  history  of  this  property  ia  given  by  Wright '  as 
follows: 

The  first  diBcoveries  at  Funler  Bay  were  the  Tellurium  group,  made  in  1S87  by 
R.  WUloughhy  and  G.  Wier,  of  Juneau,  but  development  in  excess  of  tlie  miniinum 
1  Wright,  C.  W.,  A  rMomuUmiee  ol  Admiralty  latmd:  U.  S.  Oeol.  Barrer  Botl.  1S7,  p.  UO.  IVX. 


DicMzedbyGoOglC 


LODE  MINING  IN  JUNEAU   GOLD  BELT,  87 

legal  requirementH  waa  not  begun  uotil  ISM.  Id  that  year  a.  Huntinglon  revolving 
mill  and  a  Frue  vanner  were  installed  at  the  Tellurium  mine  in  order  to  thoroughly 
sample  the  ore,  and  favorable  returns  were  reported  from  this  eiiperiment.  In  the 
following  year  the  Alaska  Willoughby  Mining  Co.  bonded  the  property  and  installed 
a  lO-stamp  mill  yriih  four  Frue  vanners.  They  continued  operations  in  1696-96  and 
later  Bold  their  propertiee  to  tlie  Flutter  Bby  Uining  Co.,  which  continued  develop- 
ment on  many  claims. 

The  Funter  Bay  Mining  Co.  held  the  property  until  1904,  when 
it  was  acquired  through  the  courts  by  J.  W.  Hunter,  who  had  done 
the  asaessmont  work,  to  satisfy  his  claims  for  wages.  The  property 
was  bonded  early  in  1916  by  W.  S.  Pekovich,  who  later  incorporated 
the  Admiralty  Alaska  Gold  Mining  Co.,  to  which  he  assigned  his 
interests. 

The  mill  installed  by  the  Alaska  WiUoughby  Mining  Co.  was  used 
in  189&-96,  when  considerable  ore  from  the  Tellurium  and  Unde 
Sam  lodes  was  run.  It  was  shut  down  before  the  Funter  Bay  Min- 
ing Co.  acquired  possession  and  remained  idle  until  June,  1915, 
when  Mr.  Fekorich  b^an  operations.  After  a  run  of  about  eight 
mouths  testing  ores  from  the  beach  claims  it  was  again  shut  down 
pending  financial  arrongBraents  for  enlai^ed  operations.  Except  in 
these  two  short  periods  of  productive  operation  litUe  development 
in  excess  of  the  minimum  legal  requirements  has  been  done  on  the 
property,  llie  assessment  work  has  consisted  mainly  in  erratic  pros- 
pecting, so  that  the  properties  are,  on  the  whole,  very  poorly 
developed,  considering  that  30  years  has  passed  since  the  original 
discovery  was  made. 

The  Tellurium,  Unde  Sam,  and  King  Bee  lodes  have  supported 
practically  all  the  productive  minii^  and  are  therefore  the  best 
developed.  The  TeJlurimn  lode  is  developed  by  a  drift  123  feet 
long,  driven  from  the  beach  just  above  tide  level.  For  most  of  this 
distance  it  has  been  stoped  out  to  the  surface  through  a  backing 
of  25  to  30  feet  and  with  an  average  width  of  5  feet. 

The  Uncle  Sam  lode  is  developed  by  a  <nY)3scut  9S  feet  long,  lead- 
ing from  the  mill  to  the  vein,  228  feet  of  drifts,  and  about  1,000 
feet  of  open-cut  work.  The  vein  is  stoped  out  above  the  drift  for 
108  feet.  A  O'osscut  has  been  driven  70  feet  on  a  fault  plane  about 
200  feet  from  the  mill  crosscut,  in  the  attempt  to  locate  the  ofbet 
portion  of  the  vein  underground.  In  the  main  drift  200  feet  from 
the  mill  b  a  30-foot  winze  sunk  on  a  shoot  of  sulphide  ore. 

The  King  Bee  lode  is  developed  by  an  adit  200  feet  long,  open 
surface  cuts  20  to  '25  feet  deep  at  short  intervals  for  a  distance  of 
1,000  feet,  a  shaft  110  feet  deep,  and  crosscuts  at  the  bottom  of  the 
shaft  30  feet  toward  the  Uncle  Sam  vein  and  132  feet  toward  the 
Tellurium  vein.  The  shaft  collar  is  on  the  beach  below  high-tide 
level.    The  mbbing  employed  to  keep  out  the  sea  water  has  been 
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destroyed,  and  it  is  now  flooded.  The  vein  has  been  sloped  out  to 
the  surface  above  the  adit  for  moBt  of  its  length. 

The  other  claima  of  the  lower  group  are  developed  only  by  a  few 
shfdlow  surface  pita. 

The  claims  of  the  upper  group  have  been  prospected  mainly  by 
surface  pits  and  strippings,  but  a  little  uudei^ound  work  has  been 
done  on  some  of  them.  There  is  an  8d-foot  shaft  on  the  Patterson 
lode,  a  51-foot  tunnel  on  the  Washington  lode,  a  40-foot  tunnel  on 
the  Devil  Club  lode,  and  three  tunnels  aggregating  about  660  feet 
on  neighboring  claims  whose  names  could  not  be  learned.  About 
50  exposures  in  all,  a  few  of  which  were  natural  exposures,  the  others 
open  cuts  or  strippings,  were  examined  by  the  writer  on  the  upper 
group  of  claims.  Although  acme  of  the  work  done  on  these  claims 
may  have  been  overlooked,  it  is  believed  that  the  list  given  repre- 
sents very  closely  the  extent  of  development  thus  far  accomplished. 

Improvements  on  the  property  include  the  mill,  bunk  houses, 
shops,  tramways,  ditch  lines,  etc.  The  mill  has  its  original  equip- 
ment, consbting  of  ten  850-pound  stamps,  four  Fnie  vanners,  a 
3}-inch  Huntington  revolving  mill,  a  9  by  14  inch  Blake  crusher, 
suitable  boilers,  engines,  compressor,  water  wheels,  ore  elevator,  etc. 
Quarters  are  available  for  about  30  men.  The  shops  include  a  well- 
equipped  assay  laboratory. 

Water  is  ddivwed  to  a  penstock  back  of  the  mill  by  two  ditches, 
one  5,000  feet  long  from  the  southwest  and  one  6,000  feet  long  from 
the  northeast.     A  head  of  about  60  feet  is  developed. 


The  lodes  that  occur  on  the  property  of  the  Admiralty  Alaska 
Gold  Mining  Co.  are  all  quartz  veins.  The  cleavage  and  apparent 
bedding  of  the  schistose  country  rock  are  near  the  horizont  J  over 
most  of  the  area,  and  the  veins  occupy  fissures  that  cut  across  these 
structural  features  at  high  angles.  Many  of  the  veins  show  great 
persistence  in  thickness  and  trend,  and  there  is  nowhere  any  sug- 
gestion of  the  bluntly  lenticular  form  shown  in  the  veins  of  the 
Portage  group.  Mineralization  in  the  schists  not  directly  associated 
with  quartz  veins  is  also  lacking.  It  would  appear  that  these  dif- 
ferences are  related  to  the  structure  of  the  bedrock  encountered  by 
the  mineralizing  solutions.  In  the  Portage  area  the  dips  are  high 
and  the  slaty  and  schistose  structure  afforded  numerous  channels 
for  the  upward  passage  of  solutions,  resulting  in  disseminated  min- 
eralization. In  the  Admiralty  Alaska  area,  on  the  other  hand,  the 
only  available  channels  were  the  stronger  fissures  cutting  across  the 
other  features  of  the  rock  structure,  along  which  the  movement  of 
solutions  was  definitely  concentrated. 
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The  introduction  of  the  quartz  veins  was  accompanied  by  local 
alteration  of  the  adjacent  schists.  This  action  included  sihcifica- 
tion  and  the  development  of  sericite  and  sulphide  minerals.  Some 
of  the  altered  schists  adjacent  to  the  quartz  veins  are  said  to  give 
substantial  assays  for  gold. 

The  veins  generally  have  a  composite  structure,  as  if  they  had 
gained  their  thickness  by  the  addition  of  sucoeesive  layers.  The 
layets  differ  in  color  and  mineral  content  in  the  same  section  and 
are  generally  separated  in  weathered  exposures  by  a  micaceous  iron< 
stained  gouge.  Layers  relatively  rich  in  sulphide  minerals  and  metal- 
lic gold  may  occur  in  the  same  vein  with  layers  that  are  almost 
barren. 

Pyrrholite,  pyrite,  and  galena  are  the  most  abundant  sulphide 
minerals.  Sphalerite  occurs  sparingly  in  places.  Iron  ou-bonate  is 
abundant  in  some  veins,  especially  in  those  that  give  the  higher  assays 
for  gold.  In  these  respects  the  mineralization  in  the  Funter  Bay 
district  resembles  that  of  lodea  on  the  mainland  near  Juneau. 

LODES   OF  LOWBR  QHOUF. 

There  are  three  principal  lodes  on  the  lower  group  of  clajma  whose 
characteristics  have  been  revealed  by  development  work.  These  are 
he  Uncle  Sam,  King  Bee,  and  Tellurium  lodes,  named  in  geographic 
order  from  southeast  to  northwest.  The  distance  between  the  Uncle 
Sam  and  King  Bee  near  the  shore  hne  is  1 00  feet,  and  between  the  King 
Bee  and  Tellurium  about  700  feet.  Near  the  beach  the  Uncle  Sam 
vein  strikes  N.  55°  E.,  the  Kii^  Bee  N.  60°  E.,  and  the  Tellurium 
K.  65°  E.,  BO  that  their  trends  converge  shghtly  to  the  northeast. 
A  short  distuice  from  the  beach  the  Uncle  Sam  v^n  turns  to  N.  65°  E., 
and  two  parallel  veins,  not  seen  &b  the  beach,  appear  southeast  of  the 
Uncle  Swn  at  intervals  of  10  and  20  feet. 

The  Uncle  Sam  vein  has  a  width  in  the  mined  section  of  6  to  10 
feet.  Farther  northeast,  where  exposed  in  open  cuts,  it  is  only  1  to  3 
feet  wide.  The  parallel  veins  noted  above  are  6  and  10  feet  wide. 
The  quartz  of  the  Uncle  Sam  vein  is  of  the  milky  variety,  but  it 
generally  has  a  reddish  aspect  due  to  iron  staining.  Sulphide  min- 
erals, chlorite,  and  iron  carbonate  occur  irregularly  through  its 
mass,  finely  disseminated  in  some  places  and  s^r^ated  into  irr^ular 
patches  in  others.  A  shoot  of  sulphide  ore  occurred  in  the  vein 
about  loo  feet  from  the  mill  crosscut,  standing  nearly  vertical,  about 
8  feet  across  at  the  drift  level  and  pinching  downward  for  30  feet. 
A  shipment  of  22  tons  of  ore  taken  from  the  shoot  and  sent  directly 
to  the  smelter  is  said  to  have  yielded  $134  a  ton  in  gold.  The  gold 
occurs  muoly  with  the  sulphides  throughout  the  vein,  so  that  the 
tenor  of  the  ore  can  be  estimated  from  its  appearance. 
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The  King  Bee  vein  is  aimilar  to  the  Uncle  Sam  in  appetu-ance  and 
size  but  appears  to  hold  its  width  more  uniformly  back  from  the 
beach.  It  is  said  to  persist  in  size  and  gold  tenor  to  the  bottom  of 
the  llO-foot  shaft.  This  lode  supphed  a  laige  part  of  the  ore  milled 
by  the  Alaska  Willoughby  Mining  Co.  and  is  probably  the  most 
promising  of  all  the  lower  lodes  for  future  development. 

The  Tellurium  lode  is  said  to  be  10  feet  wide  in  the  beach  cropping, 
which  is  now  covered  bj  shingle.  It  pinches  gradually  back  from 
the  beach  and  at  the  face  of  the  123-foot  drift  is  only  a  few  inches 
wide.  Sulphide  minerals,  chiefly  pyrrhotit«,  are  abundant  in  the 
vein  matter  and  along  the  walls.  Calcite  and  iron  carbonate  also 
occur  as  gangue  minerals.  The  ore  mined  from  this  ledge  is  said  to 
have  had  the  highest  average  value  found  in  all  the  workings. 

The  other  veins  exposed  on  these  claims  have  been  but  little 
developed,  a  fact  which  may  indicate  that  they  are  relatively  lean. 
A  white  quartz  vein  about  6  feet  wide  near  the  Tellurium  examined 
by  the  writer  showed  no  sulphide  minerals  except  a  little  sphalerite 
and  on  assay  gave  not  even  a  trace  of  gold.  The  veins  southeast 
of  the  Uncle  Sam  contain  no  visible  sulphides  in  the  surface  croppings. 

As  the  property  now  stands  there  is  httle  ore  in  sight  above  tide 
level  in  the  lodes  of  the  lower  group  of  claims.  The  backing  of  most 
of  the  drifts  has  been  mined  out,  so  that  futtire  development  must 
look  to  the  extension  of  the  veins  below  tide  level.  Any  project 
for  their  development  must  include  plans  for  pimiping  not  only  the 
surface  waters,  which  now  enter  through  the  long  open  cute,  but 
also  more  or  less  sea  water  that  will  seep  i  n  along  the  veins.  Surface 
waters  are  known  to  sink  aloi^  the  veins  in  places  and  probably  reach 
the  sea  through  imderground  crevices.  This  flow  would  undoubtedly 
be  revereed  if  lower  levek  were  opened  in  the  mines. 

The  extent  and  availabihty  of  the  lodes  below  sea  level  will  be 
known  only  after  much  systematic  prospecting  has  been  done.  It 
would  appear  that  diamond  drilling  could  be  used  advantt^eously 
in  testing  veins  adjacent  to  the  one  that  may  be  chosen  for  tiie  first 
development  work  at  depth. 

LODBB  OF  UPPER   OROttP. 

A  lai^e  number  of  distinct  veins  were  examined  by  the  writer  in 
the  area  of  the  upper  group  of  claims,  which  lie  on  the  steep  northerly 
mountain  slope  half  a  mile  to  a  mile  southeast  of  the  lower  group. 
It  is  hkoly  that  not  all  existing  exposures  were  found  and  also  that 
there  are  many  veins  that  have  no  visible  croppings.  Enoi^h  was 
seen,  however,  to  show  that  veins  on  these  claims  are  more  numerous 
and  much  larger  than  those  ne(u«r  the  coast. 

In  working  without  an  adequate  base  map  it  was  impossible  to 
show  the  positions  of  the  veins  examined  or  to  learn  the  names  of 
the  clums  on  which  many  of  them  were  located. 
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The  most  derelopment  work  has  been  done  on  the  Patterson  and 
Heckler  claims.  The  Patterson  claims  are  about  a  mile  southeast 
of  the  mill;  the  Heckler  claims  he  east  of  them. 

Veins  are  developed  on  the  Patterson  claims  at  two  places;  at  one 
by  an  SO-foot  shaft  and  at  the  other  by  an  open  cut.  The  shaft  is 
sunk  on  a  6-foot  vein  contuning  sulphides  and  bordered  by  bleached 
Bchbts  that  are  strongly  mineralized.  The  open  cut  crosses  four  veins 
aggregating  6  feet  of  quartz  in  a  width  of  16  feet.  The  main  veins 
consist  of  milky  quartz,  but  in  places  bodies  of  bluish  translucent 
quartz  containing  albite  crystals  as  much  as  half  an  inch  in  length 
project  from  them  out  into  the  schists  along  the  structure  planes. 
Both  types  of  quartz  are  said  to  be  gold  bearing. 

On  the  Heckler  claims,  at  an  elevation  of  1,700  feet,  a  stripping 
shows  a  quartz  vein  57  feet  across.  The  section  northeast  of  this 
cropping  along  the  hillside  includes  three  other  veins,  two  of  them 
10  feet  and  the  other  12  feet  wide,  giving  an  aggregate  of  89  feet  of 
quartz  within  a  space  of  330  feet.  The  57-foot  vein  is  said  to  be  ore; 
tjie  other  veins  are  not  known  to  have  been  sampled.  But  little  min- 
eralizatiou  is  apparent  in  any  of  these  veins. 

At  an  elevation  of  1,360  feet  on  the  Heckler  property,  directly 
down  the  slope  from  the  exposures  just  described,  is  the  outcropping 
of  the  so-called  Heckler  blanket  vein.  The  vein  strikes  N.  45°  E. 
and  dips  60"  NW.,  conforming  with  the  slope  of  the  hill.  It  is  3^  to 
5  feet  thick  and  has  an  overburden  of  bleached  mineralized  schist  6 
feet  thick.  The  vein  has  been  stripped  for  QO  feet  down  the  slope, 
over  a  width  of  30  feet.  It  shows  a  very  pronounced  laminated 
structure.  Some  laminae  are  very  rich  in  sulphide  minerals  and  iron 
carbonate.  A  layer  a  few  inches  thick  near  the  hanging  wall  con- 
tains visible  gold  and  the  whole  vein  is  said  to  give  especially  high 
assays  for  gold.  Weathering  of  the  sulphides  and  iron  carbonate  ' 
has  produced  large  quantities  of  iron  oxide,  which  fills  crevices 
between  the  more  distinct  laminae  and  also  niunerous  vugs  that  are 
lined  with  quartz  crystals. 

Souiiwest  of  the  "blanket  vein,"  at  an  elevation  of  900  feet,  a 
200-foot  tunnel  has  been  driven  on  a  6-inch  vein.  The  tunnel  is 
said  to  have  been  planned  to  undercut  some  of  the  lai^er  veins  of  the 
property  about  700  feet  from  the  portal.  The  6-inch  vein  is  made 
up  of  several  laminae  with  margins  of  interlocking  quartz  crystals. 
It  b  rich  in  pyrrhotito,  pyrite,  and  iron  carbonate,  and  where  weath- 
ered all  crevices  and  vugs  are  filled  with  iron  oxide.  It  is  said  to 
have  a  h^h  gold  tenor.  The  vein  persists  with  even  thickness  and 
structure  for  the  whole  length  of  the  tunnel  and  is  exposed  at  inter- 
vals on  the  slojw  above  the  tunnel  for  several  hundred  feet.  In  some 
of  t^e  higher  exposures  it  contains  arsenopyrite  and  pyrrhotite. 
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Many  other  veins,  2  to  10  feet  thick  and  trending  in  various  direc- 
tions, were  examined  in  natural  outcrops,  open  cuts,  stoppings,  and 
short  tuuneb  in  the  course  of  the  traverse  over  the  upper  group  of 
claims.  Thoir  abundance  and  complex  structure  indicate  that  the 
bedrock  over  an  area  of  a  square  mile  or  more  is  intricately  seamed 
with  intersecting  quartz  veins  of  minablo  size.  Evidence  of  more  or 
less  mineralization  is  generally  apparent,  though  there  are  croppings 
here  and  there  without  visible  sulphide  minerals. 

The  first  requirement  for  further  development  of  the  property  is 
an  accurate  base  map,  on  which  the  veins  may  be  plotted,  llien 
systematic  prospecting  and  assay  work  should  be  employed  to  deter- 
mine the  extent  and  relations  of  valuable  lodes  and  also  the  best 
scheme  of  exploitation. 

OTTERSON    CLAIU8. 

The  Otterson  claims  are  southwest  of  the  upper  group  of  the  Admi- 
ralty Alaska  property,  in  a  corresponding  topographic  position. 
They  were  not  seen  by  the  writer,  but  it  was  learned  that  the  general 
aspect  of  the  lodes  is  similar  to  those  of  the  property  to  the  north- 
east. They  are  said  to  be  well-defined  quartz  veins  20  feet  or  less 
in  width,  in  which  gold  is  associated  with  sulphide  minerals.  Speci- 
mens from  some  of  them  show  visible  gold  embedded  in  quartz  and 
in  pyrrhotite  patches  in  the  quartz.  Prospecting  work  was  in  progress 
on  the  property  in  the  summer  of  1916. 
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GOLD  PLACER  MINING  IN  THE  PORCUPINE  DISTRICT. 


By  Henbt  M.  Eakin. 


INTKODUCnON. 

The  Porcupine  gold-placer  district  includes  an  area  druned  hy 
westerly  headwater  tributariea  of  Chilkat  River  that  centers  about 
40  miles  northwest  of  Haines,  a  small  town  on  the  shore  of  Lynn 
Canal,  75  miles  north  of  Juneau.  Placer  gold  is  known  to  occur  in  the 
baEuus  of  four  tributaries  of  the  Chilkat,  which,  named  in  order  from 
north  to  south,  fo-e  Bear  Creek  and  EJehini,  Salmon,  and  Takhin 
rivers.  The  original  discovery  in  1898  was  made  on  tributaries  of 
Klehini  River  which  have  since  been  the  chief  source  of  production. 
The  other  basins  have  witnessed  more  or  less  prospecting  and  desul- 
tory development  work,  but  they  have  contributed  httle  to  the  output 
of  the  district.  For  several  years  mining  operations  in  the  district 
have  been  confined  to  Porcupine  and  Glacier  creeks,  which  are  south- 
erly tributaries  of  Klehini  River,  12  and  14  miles  respectively  from 
its  mouth. 

The  r^on  was  first  visited  by  a  Geological  Survey  party  in  1899, 
wheu  an  exploratory  expedition  passed  through  it  on  the  way  from 
Pyranud  Harbor  to  E(^Ie.' 

In  1903  C.  W.  Wright,  of  the  Survey,  spent  three  weeks  in  further 
examination  of  the  district,  and  the  results  of  his  studies  were  pub- 
lished the  following  year.'  The  writer  visited  the  district  early  in 
the  summer  of  1916,  spending  two  weeks  in  the  examination  of 
properties  now  under  development  and  in  the  study  of  bedrock  and 
glacial  geology  related  to  the  formation  of  the  placer  deposits.  The 
publications  of  the  earlier  investigations  have  been  freely  consulted 
in  assembling  the  matter  of  this  paper. 

TOPOGRAPHY. 

The  r^on  hes  within  the  coastal  mountain  province  of  south- 
eastern Alaska  and  partaJces  of  its  general  characteristics  of  strong 
relief  and  glacially  developed  forms.  Summit  elevations  along  the 
principal  divides  generally  range  between  3,000  and  5,000  feet,  but 

I  BcoDks,  A.  H.,  A.  rectnnalsmm  bDm  Pyramid  Hirbor  to  ^aga  City,  Alaska:  V.  B.  Occil.  Surrey 
TwBDt;-ant  Ann.  Kept.,  pt.  1,  pp.  174-376,  IWO. 
iWilgbt,  C.  W.,Th«P(napiiieplM»idbtri(it,  AlukK  U.  8.  a«d.  Burrty  BuD.SH,  IMH. 
108210°— 18— Bull,  e 
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indiTidual  peaks  rise  6,000  to  7,500  feet  above  sea  level.  The  main 
valleys  are  broad  and  steep  sided  and  are  floored  by  heavy  gravel 
deposits  of  glacial  streams.  The  topography  has  a  smoothed  aspect 
up  to  aa  altitude  of  about  3,000  feet,  marldQg  the  level  reached  by 
ice  duiing  earlier  periods  of  glaciation.  Glaciers  of  considerable  size 
still  persist  on  the  headwaters  of  the  streams  that  drain  the  higher 
divides. 

EROSIOXAIi  BISTORT. 

During  the  period  of  more  extensive  glaciation  of  the  r^on  both 
trunk  and  tributary  valleys  were  deeply  scoured  by  ice  action,  but 
the  main  valleys  were  generally  lowered  below  the  levels  of  their 
tributaries,  which  thus  became  hanging  valleys.  When  the  ice  had 
retreated  the  streams  from  the  hani^i^  valleys  found  abrupt  de- 
clivities in  their  courses  at  the  margins  of  the  main  valleys.  These 
conditions  favored  the  erosion  of  canyons  in  tributary  valleys  and 
the  deposition  of  detritus  in  the  form  of  alluvial  fans  along  the 
margins  of  the  main  valleys.  These  features  are  well  illustrated  in 
the  present  canyons  and  alluvial  fans  of  Glacier  and  Porcupine 
creeks. 

In  places  in  the  Porcupine  Valley  at  the  side  of  the  present  canyon 
there  are  so-called  bench  deposits.  These  consist  of  stream  gravels 
overlain  by  glacial  detritus.  It  is  evident  that  these  deports  occupy 
sections  of  a  canyon,  older  than  the  present  one  but  due  to  similar 
processes,  which  was  in  some  places  followed  and  in  others  missed 
by  the  course  of  Porcupine  Creek  when  the  laat  intrenchment  began. 
Two  distinct  ice  advances  are  thus  indicated,  each  of  which  was  fol- 
lowed by  intrenchment  of  the  hanging-valley  streams. 

The  modern  canyon  has  been  eroded  to  a  lower  level  than  the 
earlier  one  throi^hout  the  middle  and  upper  sections  of  Porcupine 
Valley.  Near  the  lower  end  of  the  valley  the  conditions  are  not  so 
simple,  and  it  seems  likely  that  the  stream  accomphshed  consider- 
able intrenchment  along  more  than  two  courses. 

The  identity  and  relations  of  the  different  bedrock  canyons  at  this 
place  could  not  be  fully  deciphered  from  the  available  exposures. 
It  is  clear,  however,  that  the  Porcupine  was  controlled  by  a  lower 
base-level  than  that  afforded  by  the  present  position  of  Klehini 
River  at  the  time  of  maximum  intrenchment  in  each  position. 

In  Glacier  Creek  valley  also  there  is  evidence  of  two  distinct  ice 
advances,  with  an  intervening  period  of  stream  erosion.  An  extremely 
deep  and  narrow  bedrock  gorge  filled  with  glacial  detritus  has  been 
traced  for  some  distance  along  the  lower  part  of  the  valley  beneath 
the  modern  stream  gravels.  A  base-level  of  erosion  much  lower 
than  the  present  is  indicated,  the  same  as  in  the  lower  Porcupine 
Valley.     The  upstream  extension  of  this  older  canyon  is  not  now  evi- 
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dent.  It  may  have  beea  destroyed  by  later  ice  erosion  in  Glacier 
Creek  valley  or  it  may  have  been  followed  by  the  stream  in  ita  last 
intrenchment.  The  narrowness  of  the  valley  favors  the  latter  inter- 
pretation. 

PIiA^CEBS. 

The  concentration  of  placer  gold  took  place  in  conjunction  with 
the  intrenchment  of  the  hanging- valley  streams  wherever  their  courses 
traversed  zones  of  mineralized  bedrock.  The  placers  are  therefore 
oi  two  distinct  ages,  corresponding  with  the  separate  periods  <rf 
stream  erosion.  The  concentrations  are  generally  ioimd  in  a  thin 
stratum  of  stream  gravels  lying  on  the  bedrock  bottoms  of  the  can- 
yons. Locally,  as  below  the  falls  on  McKinley  Creek,  gold  has  been 
found  on  bare  bedrock  practically  without  associated  gravels.  The 
gold-bearing  stratum  is  generally  overlain  by  barren  or  very  low 
grade  gravels  that  are  progressively  deeper  downstream.  The  stream 
gravels  in  the  bottoms  of  the  older  canyons,  which  are  gold  bearing 
in  places,  are  overlain  by  glacial  detritus  whose  depth  is  generally 
measured  by  the  height  of  the  canyon  walls.  In  the  lower  section 
of  Glacier  Creek  modem  gravels  overhe  the  glacial  fiU  of  the  older 
canyon,  which  extends  to  a  great  depth  below  the  present  stream 
and  has  a  mudi  Bteeper  grade.  At  the  lower  ends  of  the  modem 
canyons,  where  the  alluvial  fans  begin,  there  are  certain  concentrated 
deposits  that  extend  into  the  gravels  somewhat  above  bedrock. 
They  are  less  regular  in  form  and  of  lower  grade  than  the  gravels 
within  the  confines  of  the  canyons  and  extend  but  a  short  distance 
out  into  the  Klehini  Valley.  Apparently  the  alluvial  fans  are  devoid 
of  notably  concentrated  placer  deposits  except  possibly  at  their  very 
heads. 

GEOLOGY. 

The  Bohd  rocks  of  the  district  consist  mainly  of  metamorphosed 
sedimentary  types,  including  limestones,  slates,  phylUtes,  and  schists. 
The  schists  are  apparently  developed  only  locally  through  excessive 
alteration  of  beds  that  are  generally  represented  by  slates  and.phyl- 
Utes.  Likewise  silicification  of  limestone  has  produced  quartzitic 
beds  in  small  areas. 

The  generd  area  of  sedimentary  rocks  is  bordered  on  the  north- 
east by  the  great  belt  of  diorite  that  extends  southeastward  in  the 
Coast  Range.  Outlying  masses  of  diorite  are  intruded  into  the  sed- 
imentary rocks  for  some  distance  southwest  of  the  principal  contact. 
The  general  distribution  of  these  rocks  is  indicated  on  the  geologic 
map  (PI.  VIII),  which  is  reproduced,  with  shght  corrections,  from  a 
map  drawn  by  Wright.' 

r  district,  Alaaka:  V.  B.  Ged.  Survey  Bull.  336,  pi.  S,  19M. 
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The  structure  of  the  seduuentaiy  rocks  has  not  been  worked  out 
in  detail,  but  the  obserrationa  that  have  been  made  indicate  that  it 
is  exceedingly  complex.  The  beds  are  steeply  tilted  wherever  ob- 
served, dips  of  75  to  dO°  being  common.  The  apparent  trend  of  the 
great  limestone  band  that  crosses  the  lower  courses  of  Glacier  and 
Porcupine  creeks  is  northwesterly.  The  limestones  of  the  Klehini 
Valley  above  Jarvis  Creek  also  strike  northwest,  and  this  is  tiie  direc- 
tion of  the  laj^r  igneous  bodies  of  the  region.  However,  in  many 
places  in  Klehini  and  Jarvis  valleys  where  observations  on  the  Btruc- 
ture  dl  the  slates  were  made  the  strike  is  northeast.  The  apparent 
differences  in  the  structure  of  the  slates  and  limestones  8u^;esta  that 
the  limestones  may  be  younger  and  overlie  the  slates -uncooformably. 
This  interpretation  gains  added  weight  from  the  fact  that  the  slates 
have  a  structure  indicating  strong  compression,  whereas  the  lime- 
stones are  massive  and  unsheared. 

The  general  f^e  of  the  bedded  rocks  is  indicated  by  fossils  found 
in  the  limestones  on  Porcupine  Creek. 

A  small  collection  made  by  Wright '  in  1903  was  doubtfully  iden- 
tified as  Lower  Carboniferous  by  G.  H.  Girty,  an  identification  which 
was  corrected  the  following  year,  when  larger  cofiections  were  made 
at  Pybus  and  Herring  Bays.'  The  first  collection,  which  was  ob- 
tained on  Porcupine  Creek,  contains  the  following  specimens,  with 
revised  identifications : 


ProductuB  aff.  P.  mHmmatus. 

Froductua  aff.  P.  gnienewaldti. 

SpiiiFer  aff.  S.  marconi  and  S.  musakheylesaia. 

Camarophori& afi.  C.  maigaiitovi. 

The  same  fauna  is  more  completely  shown  in  collections  from  Sagi- 
naw Bay,  Kuiu  Island,  and  the  facies  appears  to  be  that  of  the 
Spirifer  ardicus  zone,  which,  it  is  believed,  may  he  correlated  with 
the  Russian  Artinskian. 

The  indications  are  that  the  clastic  sedimentary  rocks  are  older 
rather  than  younger  than  the  limestones.  Presumably  the  bedded 
rocks  of  the  region  aJl  belong  to  the  Paleozoic,  and  at  least  part  of 
them  are  definitely  of  Carboniferous  age. 

MINERALIZATION. 

The  very  general  mineralized  condition  of  the  sedimentary  rocks 
of  the  region  is  well  described  by  Wright,*  who  says : 

The  eedimentary  rocks  have  all  been  more  or  leee  mmeialized  by  stringers  and  vetoa 
of  quartz  and  calclte,  but  an  especially  noteworthy  impregnation  of  iron  eulphidea 
forms  an  interrupted  zone  of  mineralisation  in  the  southern  portion  of  the  sedlmentaiy 

1  Wrtght,  c,  W.,  op.  dt.,  p.  le. 

>  Idam,  A  manimliiniincB  ol  Adinlialty  Island:  I 
•Idem,  The  Porcupine  placer  disCilcC,  Aiuka;  I 
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aeriee.  lite  snlpludes  in  the  sktes  occur  aa  filma  or  frequently  as  lenticular  nuases  a 
few  inchea  in  width,  parallel  witb  the  bedding.  Two  samples  of  the  mineialized 
alates,  one  an  average  acroes  several  feet  and  the  other  from  a  rich  soun,  gave,  respec- 
tively, {0.41  audS2.48  per  ton  in  gold.  Samples  from  near  the  mouth  of  the  Porcupine, 
where  the  filat«e  are  apparently  unmineralized,  taken  by  Ur.  Brooke  during  his  ehort 
visit  to  this  region  in  1809,  gave  Ijacea  of  both  gold  and  silver. 

The  quartz  veins  aie  not  very  abundant  and  as  a  rule  are  short  and  small,  often 
merely  Btringers  panJtel  with  the  abucture  of  the  alatea.  A  few  which  cut  directly 
acroes  the  formation  carry  galena  and  aphalerite,  with  a  small  amount  of  cbalcopyrit«, 
and  though  quite  narrow,  often  persist  for  considerable  diatancee.  Coldte  veins, 
which  are  more  numeroua  than  thoae  oi  quartz,  are  usually  a  foot  or  more  in  width, 
and  are  often  weathered  to  a  light-brawn  color  on  the  surface,  while  of  a  bluish  color 
and  fine  granular  rtructure  when  freshly  broken.  They  often  carry  cubee  of  pyrite, 
which  occasionally  measure  an  inch  acroes.  From  veins  of  this  nature  up  McKlnley 
Creek  aome  native  gold  has  been  reported. 

Beeidee  the  small  veins  a  quartz  ledge  100  feet  wide  outcrops  at  an  elevation  of  2,000 
feet  on  the  ridge  south  of  Porcupine.  Although  apparently  quite  barren,  a  small  sam- 
ple from  this  gave  an  assay  value  of  15.28  in  gold.  A  similar  ledge  occurs  acrceti  the 
Kldiini  at  1,500  feet  elevation,  on  the  ridge  west  of  Boulder  Creek.  About  2  miles 
belowForcupineisa  third  mineralized  depoeitrich  in  sulphides,  with  calcite  as  gangue 
min«al,  but  a  sample  taken  here  gave  an  assay  value  of  only  41  cents. 

The  general  zone  of  miaeralization  from  which  the  placers  of 
Klehini  and  Salmon  River  ba^ns  have  been  derived  appears  to  be 
elongated  in  a.  northwesterly  direction,  extending  from  a  locality 
south  of  Salmon  River  across  the  basins  of  Porcupine,  Glacier,  and 
Jarvis  creeks  and  into  the  mountain  mass  north  of  Juris  Glacier. 
The  richness  of  minerahzation  varies  from  place  to  place,  B.nd  there 
are  large  areas  of  lean  or  barren  rock  in  this  zone.  But  there  are  also 
remarkably  la^;e  areas  in  which  sulphide  minerals  are  generally 
abundant  and  samples  from  wtuch  are  reported  to  show  a  substantial 
gold  content  on  assay.  A  band  of  this  sort  that  cuts  across  Gaboon 
Creek  near  ita  mouth  in  a  slate  formation  shows  abundant  quartz 
veining  and  sulphides  for  a  width  of  nearly  1,200  feet.  Kaodom 
samples  taken  across  this  belt  are  reported  to  assay  as  much  as  several 
dollflis  a  ton,  and  a  large  nimiber  of  assays  ranged  between  $1  and  $2 
a  ton. 

The  northwesteo-nmoat  point  along  the  general  zone  of  mineraliza- 
tion at  which  gold  has  been  found  is  in  the  mountains  north  of  the 
lower  end  of  Jarvis  Glacier.  Here,  at  an  elevation  of  about  4,500 
feet,  are  several  gold  quartz  ledges  in  a  granitic  country  rock  some 
300  feet  above  its  contact  with  hmestone.  The  lower  and  apparently 
the  most  valuable  of  the  ledges  is  traceable  for  over  2,000  feet  along 
the  strike.  It  ranges  from  1  foot  to  4  feet  in  width.  Assays  of  numer- 
ous sunples  are  reported  to  give  from  a  few  dollars  to  {70  a  ton,  the 
higher  tenor  generally  occurring  irfiere  the  vein  is  relatively  narrow. 
A  mlver  content  of  a  few  ounces  a  ton  is  indicated  in  most  samples. 
Hcked  specimens  give  much  higher  assay  returns. 

Southeast  of  the  main  placer  area  on  the  slope  north  of  Salmon 
River  are  a  ntunber  of  narrow  silver-lead  veins  that  show  still  an- 
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other  type  of  mineraJization  in  the  district.  So  far  as  known  the 
largest  are  lesa  than  a  foot  in  width.  The  maximum  gold  tenor  of 
samples  from  these  veins  is  said  to  be  about  S3  a  ton,  silver  60  oimces 
a  ton,  and  lead  about  35  per  cent.  One  sample  shows  a  copper  con- 
tent of  nearly  3  per  cent. 

The  mineralization  that  has  furnished  the  placer  gold  of  Bear  Creek 
has  not  been  studied  geolo^caJly.  Prospectors  report  that  a  broad 
zone  along  the  ridge  west  of  Bear  Creek  is  heavily  pyritized  and  that 
it  contains,  locally  at  least,  commercial  grades  of  copper  ore.  Speci- 
mens from  this  locality  show  iron,  copper,  and  zinc  sulphides  in  vein 
form, 

HISTORY  OF  DEVEIiOPMENT. 

Gold  was  first  discovered  in  the  Porcupine  district  in  1898.  The 
next  year  mining  operations  were  begun  on  Porcupine  Creek,  and  the 
great  number  of  prospectors  who  assembled  staked  claims  on  several 
other  creeks  of  the  district.  Gold-bearing  gravels  were  found  on 
Bear  Creek,  on  several  tributaries  of  Salmon  River,  and  on  the 
head  of  Takhin  River,  but  up  to  the  present  lime  productive  opera- 
tions have  been  almost  entirely  limited  to  Porcupine  Creek  and  its 
tributaries.  A  Httle  mining  was  done  on  Nu^et  Creek  from  1902  to 
1911.  The  ground  was  then  abandoned  and  no  further  work  has  been 
done.  It  is  estimated  by  local  operators  that  about  $6,000  worth  of 
gold  was  produced.  The  gold  production  of  Porcupine  Creek  and  its 
tributaries  from  1898  to  1903  is  given  by  Wright '  as  follows: 
Gold  production  of  the  Poreupine  regum,  1898-1903. 


1898 tl.OOO 

1899 9,000 

1900 50,000 

1901 110,000 


460,000 

The  production  from  these  creeks  is  said  to  have  continued  at  the 
rate  of  $150,000  a  year  until  1906,  when  the  principal  works  were  de- 
stroyed by  an  unusual  flood.  From  1907  to  1909  large  operations 
were  discontinued,  and  the  only  production  was  made  by  a  few  lay- 
men who  worked  small  lots  of  ground  by  hand.  Production  on  a 
large  scale  was  resumed  in  1910,  and  it  is  reported  that  an  average 
yearly  output  of  $50,000  was  maintained  until  1915,  when  another 
disastrous  flood  occurred.  The  total  output  of  the  district  from  1898 
to  1916,  inclusive,  estimated  on  the  basis  of  these  very  incomplete 
data,  is  about  $1,200,000. 

In  1908  the  Porcupine  Mining  Co.  was  organized  to  exploit  the 
placers  of  the  main  Porcupine  Creek  on  a  lai^e  scale.  It  was  financed 
in  the  Eastern  States,  and  in  view  of  the  equipment  installed  in  tho 
next  few  years  it  must  have  had  a  lai^e  investment  fund.  The  first 
move  of  the  new  company  was  to  construct  a  flume  a  mile  long,  24  to 
■  Wright,  C.  W.,  op.  rtt.,  p.  U, 
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30  feet  wide,  and  6  feet  deep,  supported  on  piles,  to  carry  the  waters 
of  Porcupine  Creek  past  the  placer  ground  to  be  worked.  This  piece 
of  construction,  which  required  nearly  a  milliou  feet  of  lumber  and 
several  thousand  piles,  was  completed  late  in  the  summor  of  1909,  and 
nuning  was  b^^im  at  the  lower  end  of  the  canyon.  This  company 
operated  until  August,  1916,  when  the  lower  part  of  ^he  flume  was 
demolished  and  the  pits  were  filled  in  by  a  flood.  In  the  last  few 
years  operations  were  conducted  tinder  receiverslup  but  with  the 
same  local  management. 

After  the  disastrous  flood  of  1915  the  property  and  holdings  of 
the  company  were  taken  over  by  the  Alaska  Corporation.  This  con- 
cern in  1916  repaired  the  upper  section  of  the  old  flume,  constructed 
a  new  high-line  flume  to  deliver  water  to  the  giants,  and  began  the 
reexcavation  of  the  buried  workings. 

Little  "lining  was  done  on  the  tributaries  of  Porcupine  Creek 
before  1908,  when  the  Cahoon  Creek  Qold  Mining  Co.  be^an  work  on 
McKinley  and  Cahoon  creeks.  This  company  has  continued  to 
operate  to  the  present  time,  working  out  the  placers  on  Cahoon  Creek 
near  its  mouth  and  for  about  2,000  feet  down  McKinley  Creek  below 
Cahoon.  The  plan  followed  in  the  operations  on  McKinley  Creek 
was  essentially  similar  to  that  employed  on  Porcupine  Creek.  The 
stream  was  diverted  into  a  wooden  flume,  making  the  stream  bed 
avulable  for  hydraulic  mining.  Below  the  workings  on  McKinley 
Creek  the  stream  runs  through  a  narrow  box  canyon.  The  difficulty 
of  diverting  the  stream  in  this  reach  has  thus  far  prevented  the 
exploitation  of  the  graveU  of  its  bed.  In  1916  the  company  was 
engaged  in  working  the  placers  of  a  high,  glacially  flUed  channel  on 
the  right  side  of  McKinley  Creek,  opposite  the  reach  of  the  modern 
channel  that  has  been  worked  out. 

A  httle  mining  was  done  on  the  head  of  Cahoon  Creek  in  the  early 
days  of  the  camp,  but  these  operations  are  said  to  have  met  with 
slight  success,  and  the  hope  of  working  this  ground  on  any  large 
scale  has  long  been  abandoned.  However,  a  htUe  prospecting  and 
"sniping"  have  been  done  from  time  to  time  by  laymen. 

The  most  notable  developments  in  the  district  in  the  last  few  years 
have  been  the  investigation  of  the  Glacier  Creek  placers  by  drilling 
and  the  instaJlation  of  a  large  hydraulic  plant  to  work  this  ground. 
The  Glacier  Creek  placers  were  staked  in  the  early  days  of  the  dis- 
trict, but  repeated  attempts  to  prospect  and  mine  the  ground  by 
ordinary  methods  failed  owing  to  the  depth  of  the  gravels  and  the 
abundance  of  ground  water.  In  1911  the  claims,  which  had  been 
abandoned  by  the  previous  holders,  were  restaked,  and  systematic 
drilling  was  b^un.  Drill  sections  across  the  valley  bottom  were 
made  at  short  intervals  for  over  a  mUe  upstream  from  the  margin  of 
the  Klehini  VaUey.    On  the  ba-iis  of  the  results  of  this  investigation 
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extensive  preparations  were  made  to  work  a  lower  section  of  the 
valley  4,200  feet  long  by  hydraulic  methods.  The  installation  of  a 
very  complete  plant,  including  dams,  flumes,  pipe  lines,  giants,  and 
hydraulic  elevator,  was  finished  in  midsummer,  1915,  but  operation 
was  prevented  for  the  rest  of  the  season  by  unusual  floods. 

In  1916  wprk  was  started  early  in  spring,  hut  owing  to  damage 
done  to  the  workings  by  a  flood  the  later  part  of  June  the  season 
netted  but  little  productive  operation. 

STTMMART  OP  MINING  IN  1916. 

Mining  in  the  Porcupine  district  in  1916  was  confined  to  Porcupine 
Creek,  its  main  eaat  tributary,  McKinley  Creek,  and  Glacier  Creek. 
A  single  hydraulic  plant  worked  on  each  stream  throughout  the 
summer.  The  principal  work  done  on  Porcupine  and  Glacier  creeks 
consisted  of  the  installation  of  hydraulic  equipment  and  the  repair- 
ing of  damage  done  to  workings  and  equipment  by  floods,  so  that 
Uttle  productive  mining  was  accomplished.  Two  small  plants  were 
worked  hy  band  on  the  lower  Porcupine  part  of  the  sunmier.  The 
plant  on  McKinley  Creek  opened  a  new  pit  in  an  old  elevated  channel 
and  worked  out  a  considerable  area,  although  the  operations  were 
hampered  somewhat  by  the  presence  of  an  overburden  of  glacial  till 
60  feet  thick  in  which  there  are  numerous  large  boulders. 

About  50  men  at  an  average  were  employed  during  the  simuner  in 
the  whole  district,  being  divided  about  equally  among  the  three 
active  creeks.  Although  the  production  for  1916  was  small,  it  is 
reported  that  the  plants  have  all  been  put  in  good  repair  and  that 
conditions  indicate  that  a  very  considerable  production  may  be 
made  in  1917. 
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W/TER-POWER  INVESTIGATIONS  IN  SOUTHEASTERN 
ALASKA.' 


By  George  H.  Camfield. 


INTRODTJCTION. 

The  streams  of  Alaska  have  been  unportant  factors  in  its  industrial 
growth.  The  success  of  placer  mining  in  northern  and  central 
Alaska  has  depended  primarily  on  the  water  available  for  hydrauhck- 
ing  and  dredging,  and  in  southeastern  Alaska  water  power  has  long 
beeniisedhymines,  canneries,  sawmills,  and  other  industries,  although 
until  recently  most  of  the  plants  have  been  small. 

Since  1906  the  United  States  Geological  Siirvey  has  made  system- 
atic studio  of  the  water  resources  of  Alaska.  Investigations  with 
special  reference  to  placer  mining  have  been  made  in  Seward  Pen- 
insula *  and  the  Yukon-Tauana  region,*  and  reconnaissance  surveys 
for  water  power  have  been  made  about  Prince  William  Sound,  Cop- 
per River,  Kenai  Peninsula,  and  in  other  parts  of  southeastern 
Alaska. 

In  the  sxmmier  of  1914  Leonard  Lundgren,  district  engineer  of  the 
Forest  Servic-e,  made  a  reconnaissance  of  water-power  sites  to  deter- 
mine the  possibility  of  establishing  the  pulp  industry  in  the  Tongass 
National  Forest,  which  covers  a  large  part  of  soutiieastem  Alaska. 
In  connection  with  this  reconnaissance  a  census  of  water  powers  was 
taken  (see  following  table),  which  has  been  revised  by  Mr.  Ltmdgren 
to  January  1,  1917,  and  is  here  published  by  courtesy  of  the  Forrater. 

Developed  waur  potren  in  vnuheaitem  Aleuka  Jan.  1,  1917,  in  korupower. 
[Pnparod  by  Laonud  Lundgran, district  engtaeer.U.  B.  forest  SeiriiM.] 

Ketchik&D  region; 

atia«nfl  light.  Power  A  Water  Co 2,000 

New  England  Fish  Co ■. 2,200 

MiscellaueoUB  plauta 1, 000 

5,200 

Wrangell  r^on 0 

'  In  Doopaatiou  with  tbs  United  States  Forest  Ba-rlc*. 

I  HeiuhBiW,  F.  P.,  and  rvkn,  O.  L.,  Sarfiwo  water  supply  of  Bsward  FoninnilB,  witliKskBtch  oIth« 
gngnphj  uid  geology  by  P.  B.  Smith,  and  a  deaoiptloD  of  methodi  of  placer  mining  by  A.  B.  Brooka: 
TT.B.  Owl.Sarvey  Water-Bapply  Fap<r314,  I91i 

•  Ellsworth,  C.  E.,  and  Dayeiiort,  R.  W.,  Snrlaco  wattrmpply  olthe  YufconJrananareglon,  Alaska: 
TF.  3.  Qeol.  Surrey  Water-supply  Paper  30,  IDlEi  A  watv-pawer  recoumaaance  In  eoatlMMntral  Alaska, 
iTlth  a  section  on  BoathaBstem  Alaska  by  I.  C.  Hoyt:  U.  B.  Oeol,  Survey  Wato^upply  Paper  37^  191S. 
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Sitiia  region: 

Sitka  Wharf  dE  Power  Co 350 

Cbichagoff  MimBg  Co 760 

UiscellaneoUB  plantB 150 

1,250 

Juneau  region: 

AlsHka-Treadwell  Hining  Co.: 

Douglas  laland  plant 4, 000 

Sheep  Creek  plant 4,100 

Nugget  Creek  plant 5,700 

■  13,800 

Alaska-Gastineau  Mining  Co. : 

Salmon  Creek  plant,  No.  1 5,000 

Salmon  Creek  plant,  No.  2 5,000 

Annex  Creek  plant 6,000 

15,000 

Alaska  Electric  Light  A  Power  Co 1,000 

MJBCellaneous  planbi 1, 000 

30,800 

Skagway  region 100 

37,360 

During  the  last  few  years  some  large  water-power  plants  have  been 
installed  near  Juneau  to  supply  power  for  mining,  and  attention  has 
been  called  to  the  feasibihty  of  improving  other  power  sites  in  that 
region  and  elsewhere  in  southeastern  Alaska,  to  meet  the  increasing 
demand  for  power  to  be  used  in  mining,  lumbering,  and  fisheries,  and 
the  possible  future  demand  for  its  use  in  the  manufacture  of  wood 
pulp  and  electrochemical  products.  The  streams  on  which  it  is  pos- 
sible to  develop  power  and  the  bays  or  other  water  bodies  into  which 
these  streams  discharge  are  listed  in  the  following  table  and  shown 
on  the  map  {PI.  IX} : 

Stream  affording  power  cic««  in  tnutheoMem,  Atatka,  with  potition  or  waur  bodiei  into 
wkith  they  flow. 


Porcupine  River,  near  Porcupine.' 
Endicott  Biver,  weet  coast  of  Lynn  Canal. 
Sherman  Creek. 

Cowie  and  Daviea  creeks,  Bernera  Bay. 
'    Lemon  Creek,  near  Juneau.' 
Gold  Creek,  at  Juneau. 
Sheep  Creek,  near  Juneau. 
Carbon  Creek,  Taku  Inlet.> 
Turner  Lake  outlet,  Taku  Inlet.* 
Sped  River,  Speel  River  project,  Fort  Snettisham.* 
Grindstone  Creek,  north  shore  of  Stephens  Passage.* 
Rhine  Creek,  north,  shore  of  Stephens  Passage.' 

'  GiSbiE  Btation  nuintklnnd  [n  1WS  by  Porcupine  Gold  Ulnlng  Co. 

I  Qaglag  station  Dulutaiutd  lot  short  period  by  mining  camponi'  of  Juneau. 

I  QigltiK  station  beinj  maintained  b;  AlasIiaiOutlncau  Mining  Co.  of  Juiutui. 

<  OBglngitBtlon  maintained  In  l»as  and  1909  b;  Alsaka-TraBd well  Gold  Utnlng  Co. 

>  Sae  list  or  mlsceUaneoui  meunirsments  at  end  of  repoct. 
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Long  Lake  outlet,  Speel  Biver  project,  Port  Snettiaham.' 
Crater  Lake  outlet,  Speel  River  project.  Fort  Snettiaham.'  ' 
Tessa  Lake  outlet,  Speel  River  project,  Port  Buattiaham. 
Sweetheart  Falla  Creek,  south  arm  of  Fort  Snettiaham.' 
Fort  Hou^bm,  Stephu-s  Paasage. 
Farrsgut  Bay,  Frederick  Sound. 
Ifill  Creek,  near  Wraugell* 

Brod£eld  Canal,  upper  end  of  Clevdand  Peninaula. 
SmagKl€TB  Cove,  aoutheaet  shore  of  Cleveland  Peninsula. 
Helm  Bay,  southeast  ahoro  ot  Clevdaad  Peninaula. 
Shslockum  Lake  outlet,  Bailey  Bay.* 
Chickamin  River,  east  shore  of  Behm  Canal. 
Rudyerd  Bay,  east  shore  of  Behm  Canal. 


Port  Conclusion,  southeast  coast. 

PatteraoD  Bay,  east  coast. 

Red  BluS  Bay,  east  coast. 

Cascade  Bay,  east  coast. 

Baranof  Lake  outlet,  Warm  Spring  Bay,  eas 

Kasnyku  Bay,  east  coast. 

Green  Lake  outlet.  Silver  Bay,  west  coast." 

Necker  Bay,  west  coast. 

De^  or  Redoubt  Lake,  weat  coaat. 


PiiBCe  mt  WbIh  lalud. 


Slocum  Arm,  west  coast. 
Suloia  Bay,  Peril  Strait. 
Khaz  Bay,  west  coast. 
Freshwater  Bay,  east  coast. 
Sitkoh  Bay,  southeast  coast. 
Basket  Bay,  southeast  coast. 
Plata  Bay,  west  coast. 

Kootznahoo  Jnlet,  west  coast. 
Hood  Bay,  west  coast. 
Davidson  Inlet. 

Karta  River,  Earta  Bay.* 

Whale  Paaaage,  behind  Thome  Island,  northeast  coast. 
Myrtle  Lake  outlet,  near  Niblack  post  office. 
Reynolds  Creek,  near  Coppermount.' 

Orchard  Lake  outlet,  at  Shrimp  Bay.* 

Beaver  Falls,  Qeoi^  Inlet. 

White  River,  Qeorge  Inlet. 

Swan  Lake  outlet,  east  shore  near  head  of  Carroll  Inlet. 

Fish  Creek,  Thome  Arm.* 

Gokatchin  Creek,  Tbom»  Arm.' 

Ketchikan  Creek,  at  Ketchikan.* 

AuMtlc  uud. 
Tamgas  Harbor. 


>  Oagtng  rtatlou  malnUliMd  by  QgDloglckl  Snrrar. 
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Lack  of  definite  information  iu  regard  to  the  quantity  of  water 
available  and  other  physical  factors  that  determine  the  feasibility  of  a 
power  site  has  been  one  of  the  principal  impediments  to  development. 
For  this  reason  a  systematic  investigation,  designed  to  determine 
the  location  and  the  feasibihty  of  water-power  sites  in  southeasbem 
Alaska,  was  begmi  by  the  Geological  Sm^ey,  in  cooperation  with 
the  Forest  Service,  in  the  spring  of  1915. 

The  practicabihty  of  a  water-power  site  depends  on  the  quantity 
of  water  available,  the  fall,  and  the  possibility  of  storing  water. 
Information  in  regard  to  fall  and  storage  can  be  obtained  by  surveys 
at  any  time,  but  the  volume  and  distribution  of  flow  can  be  deter- 
mined only  by  observations  extending  over  several  years,  as  future 
flow  must  he  predicted  from  that  of  the  past.  In  beginning  the 
investigations,  therefore,  the  collection  of  stream-flow  data  was  given 
precedence  and  constituted  the  principal  work.  Some  general 
information,  however,  has  been  obtained,  and  in  the  fall  of  1915  a 
few  rainfall  stations  were  established  at  hi^er  elevations  to  supple- 
ment observations  at  mean  sea  level  by  the  United  States  Weather 
BuretLU.  As  a  result  of  the  investigations  records  of  flow  are  now 
available  for  19  gaging  stations,  as  shown  by  the  following  list,  and 
indicated  by  corresponding  numbers  on  Plate  IX.  The  date  of 
establishment  is  indicated  in  parentheses. 

1.  Fish  Creek  near  Sea  Level,  Bevillagigedo  Island  (May  19, 1915). 

2.  KetdiikanCreekatEelcliikan(eeIabUshedNov.  1,1909;  diecantinued  June  30, 
1912;  reestablished  July  1, 1915). 

3.  Swan  Lake  ouUet  at  Cairell  Inlet,  Revillagigedo  Island  (Aug.  24,  1916). 

4.  Orchard  I>ake  outlet  at  Shrimp  Bay,  Bevillagigedo  Island  (May  28, 1915). 
6.  Shelockum  Lake  outlet  at  Bailey  Bay  (June  4,  1915). 

6.  Karta  River  at  Karta  Bay,  Prince  of  Wales  Island  (July  IG,  1916). 

7.  Mill  Ct«ek  on  mainland  near  Wrangell  (June  IT,  1915). 

8.  Green  Lake  outlet  at  Silver  Bay,  near  Sitka  (Aug.  22, 1915). 

9.  Baranof  Lake  outlet  at  Baraaof,  Bannof  Island  (June  23,  1915). 

10.  Sweetheart  Falls  Creek  near  Snettisham  (July  31,  1015). 

11.  Crater  Lake  outlet  at  Speel  River,  Port  Snettisham  (Jan.  23,  1913). 

12.  Long  Lake  outlet  at  Port  Snettisbam  (Jan.  23,  1913). 

.13.  Long  River  below  Second  Lake  at  Port  Snettiaham  (Nov.  11, 1915), 

14.  Speel  River  at  Port  Snettiaham  (July  15,  1916). 

15.  Grindstone  Greek  at  Stephens  Panage  (May  6,  191S). 

le.  Carlson  Greek  at  Sunny  Cove,  Taku  Inlet  (July  18, 1916). 

17.  Sheep  Creek  near  Thane  (July  26,  1916). 

18.  Gold  Creek  at  Juneau  (July  20,  1916). 

19.  Sherman  Creek  at  Kensington  mine,  Lynn  Canal  (Aug.  17, 1914). 

'  The  available  power  sites  in  each  area  were  carefully  considered, 
and  gaging  stations  were  established  at  those  which  apparently 
afforded  the  greatest  opportunities  for  development. 

The  records  have  been  collected  in  accordance  with  the  standard 
methods  used  elsewhere  in  the  United  States  by  the  Geological  Survey. 
Owing  to  the  inaccessibihty  of  the  stations,  water-stage  recorders  were 
used  at  all  the  stations  except  that  on  Ketchikan  Creek,  and  cables 
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have  been  installed  from  which  discharge  measurements  are  made. 
Special  arrangements  were  made  for  observations  through  the  wint^ 
to  obtun  a  record  of  the  low-water  flow  which  occurs  at  that  season. 

The  data  collected  at  the  gaging  stations  are  presented  in  the  fol- 
lowing pages  and  include  a  general  desmption  of  each  station  and 
tables  showing  the  results  of  diachai^e  measurements  and  the  com- 
puted daily  dracharge. 

Much  of  the  work  has  been  made  possible  by  the  use  of  the  Forest 
Service  launches,  on  which  transportation  has  been  furnished  to  the 
engineers  and  others  engaged  in  installing  and  maintaining  the 
stations.  The  local  knowledge  of  the  Forest  Service  employees  has 
abo  been  of  great  assistance  in  carrying  on  the  work,  and  special 
acknowledgment  is  due  to  W.  G.  Weigle,  forest  supervisor  at  Ketch- 
ikan, who  has  repr^ented  the  Forest  Service  in  the  cooperation; 
to  Leonard  Lundgren,  district  engineer;  and  to  George  L.  Drake, 
J.  W.  Wyckoff,  C.  T.  Gardner,  George  H.  Peterson,  James  Allen, 
W.  H.  Babbitt,  Lyle  Blodgett,  and  Milo  Caughrean,  who  have 
assisted  in  various  ways. 

During  the  winter  of  1916-17  the  field  work  was  carried  on  by 
C.  0.  Brown,  assistant  engineer,  United  States  Geological  Survey. 

I^e  following  individuals  and  organizations  assisted  in  maintuning' 
g^ing  stations  as  indicated : 

T.  J.  Jones,  Seattle,  Wash.,  furnished  a  Stevens  water-stage 
recorder,  materials,  and  labor  for  installing  a  gage  on  Swan  Lake 
outlet. 

The  Alaska  Gastineau  Mining  Co.  installed  gages  and  furnished 
gage-height  records  for  Gold  Creek  near  Juneau,  Sheep  Creek  near 
Thane,  and  Carlson  Creek  at  Sunny  Cove. 

The  Alaska  Taku  Mining  Co.  furnished  a  Lietz  gage,  labor,  mate- 
rial, and  transportation  for  the  installation  of  a  gage  on  Grindstone 
Creek  at  Stephens  Passage. 

The  Speel  River  Project  (Inc.),  of  Juneau,  installed  and  main- 
tained gages  and  furnished  gage  readings  and  discharge  measure- 
ments for  Crater  Lake  outlet  at  Speel  Kiver,  Long  Lake  outlet  at 
Fort  Snettisham,  Long  River  below  Second  Lake,  and  Speel  River 
at  Port  Snettisham. 

The  Kensington  Mining  Co.,  of  Comet,  furnished  gage  readings  for 
Sherman  Creek  at  Kensington  mine. 

The  Citizens  Light,  Power  &  Water  Co.,  of  Ketchikan,  furnished 
gage  readings  for  Ketchikan  Creek  at  Ketchikan. 

STATION  RECORDS. 

FISH  CBEBE  NEAB  SEA  LEVEL,  BEVILLAGIOEDO  ISLAND. 

LocATioM.— In  latitude  55°  24'  N.,  longituile  131°  12'  W.,  near  outlet  of  Lower  Lake 
on  Fish  Creek.  600  feet  from  tidewtiter  at  head  of  Thome  Arm,  2  miles  northwest 
of  mme  at  Sea  Level,  and  25  milea  by  water  from  Ketchikan. 
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Drunaob  absa. — Not  meaauted. 

Records  available.— May  19,  1915,  to  December  31, 1916. 

Gaob. — Stevens  water-etage  recorder  on  ri^t  shore  of  Lower  Lake,  200  feet  Above 

outlet 
DiscHABGB  HEAHTntBUBNTS. — At  medium  and  higli  stages  made  from  cable  across 
creek,  I  mile  upstream  from  gage  and  600  feet  above  head  of  Lower  Lake;  at 
low  stages  made  by  wading  at  cable.    Only  one  small  creek  enters  Lower  Lake, 
at  point  opposite  gage,  between  the  cable  eite  and  control  section. 
Channel  and  contbol. — The  lake  is  about  500  feet  wide  opposite  the  gage.    Outlet 
consists  of  two  channels,  each  about  60  feet  wide,  separated  by  an  island  40  feet 
wide.    From  the  lake  to  tidewater,  200  feet,  the  creek  talis  20  feet.    Bedrock 
exposed  at  the  outlet  of  the  lake  forms  a  well-deSned  and  permanent  control. 
ExTRBHBS  OF  DiBCHARQB, — Maximum  stage  recorded  during  period,  4.94  feet  at  3 
a.  m.  October  15,  1915  (discharge,  computed  from  an  extension  of  the  rating 
curve,  4,020  second-feet;  revised  since  published  in  Bulletin  642);  minimum  stage 
recorded,  0.50  foot  February  11, 1916  (discharge,  22  second-foot). 
Ice. — Lower  Lake  freezes  over,  but  as  gage  is  set  back  in  the  bank  ice  does  not  form 
in  well,  and  the  relatively  warm  water  from  the  lake  and  the  swift  current  keep 
tlie  control  open. 
Accuracy. — Stage-diechai^  relation   practically  permanent;    affected   by  brush 
lodged  at  control  August  23  to  December  31.    Rating  curve  uaed  May  19,  1915, 
to  August  23, 1916,  well  defined  below  and  fairly  well  defined  above  1,600  second- 
feet.     Rating  curve  used  after  August  23,  1916,  when  control  was  obstructed  by 
brush,  defined  below  1.5  feet  (discharge,  253  second-feet)  by  discharge  measure- 
*        ments  made  January  25, 1917,  at  gage  height  1.4S  feet  (discharge,  243  second-feet) 
and  March  2,  1917,  at  gage  height  0,86  foot  (discharge,  65  second-feet).    Above 
a  stage  of  1.50  feet  the  curve  was  drawn  0.16  foot  above  curve  applicable  when 
control   was  not  obetructed.    Operation  of  water-stage  recorder  satisfact<H7 
except  for  periods  indicated  by  breaks  in  record  shown  in  the  footnote  to  daily- 
discbarge  table.    Daily  dischu^  ascertained  by  applying  to  rating  table  mean 
daily  gage  heists  determined  by  inspecting  gage-height  graph,  or,  for  days  ot 
considerable  fluctuation,  by  averting  results  obtained  by  applying  to  rating 
table  mean  daily  gage  heights  for  regular  intervals  of  day.    Resolts  excellent, 
except  for  short  periods  of  break  in  record  and  for  period  when  control  was 
obetructed  by  brush,  for  which  they  aro  fair. 
There  are  three  laige  lakes  in  the  upper  drainage  basin:  Big  Lake,  2  miles  from 
beach  at  elevation  275  feet,  covers  1,700  acres;   Third  Lake,  260  acres;   and  Mirror 
Lake,  at  elevation  1,000  feet,  800  acres.    Two-thirds  of  the  drainage  basin  is  covered 
with  a  thick  growth  of  timber  and  brush  interspersed  with  occosioual  patches  of 
beaver  swamp  and  muak^.    Only  the  tops  of  the  highest  mountains  are  bara.    This 
large  area  of  lake  surface  and  vegetation,  notwithstanding  the  steep  slopes  and  shallow 
soil,  affords  a  little  ground  storage  and  Bfl«r  a  heavy  precipitation  maintains  a  good 
run-oS.    During  a  dry,  hot  period  in  summer,  however,  after  the  snow  has  melted, 
the  Eow  becomes  very  low  because  of  lack  of  ice  or  glaciers  in  the  drainage  basin. 
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Nora.— DlBChKBB  BBpl.  fna,  Nov.  23  to  Dsc.  1, 19IS,  Jan.  3-S,  Feb.  7-11, 18-29,  Oct.  16 
DiBted,  beoBUsg  o[  gage  clock  stopping,  Irom  mail muin  and  minimum  atagaslndicaUd  by  re 
InuucUmatlCrfWili,  and  Irom  compariion  of  the  bydrogiaph  lot  tMsstatlOD  with  ttut  tor 
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JHbnlA^  ditduirge  (4  Pi»h  Creek  vear  Sea  Level  for  the  period  Uay  IS,  1515,  to  Dtr.  XI, 
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KETCHIKAN  CREEK  AT  KETCHIKAN. 

LocAnov.— One-lourth  mile  below  pow«r  houae  of  CitizMui  Light,  Power  &  Water 
Co.,  one-tliiid  aula  northeaat  of  EetcHkui  post  office,  downatream  200  feet  from 
mouth  of  Bchoenbar  Creek  (eutcriiig  from  li^t),  \\  milea  from  mouth  of  Granite 
Basin  Greek  (entering  from  left),  and  1)  milee  from  outlet  of  Ketchikan  Lake. 

Draimaab  arba. — Not  measured. 

Records  available.— NovMnber  1,1909,  loJuneSO,  1912;  Juiie9, 1915,  to  December 
81, 1916. 

Oaqr. — Vertical  staff  fastened  to  a  telephone  pole  near  board  walk  on  left  bank  at 
bend  of  creek  200  feet  downstfeam  from  mouth  of  Schoenbar  Creek;  read  by 
employee  of  the*  Citizens  Light,  Power  A  Water  Co.  Tbe  gage  used  since  June 
9,  1915,  conaists  of  the  standard  United  States  Geological  Survey  enameled  gage 
section  graduated  in  hundredths,  half-tenths,  and  tenths  from  zero  to  10  feet 
The  original  gage  eetabUshed  Novembtt,  1909,  and  read  until  June  30, 1912,  is  at 
same  location  and  same  datum.    It  is  a  staff  with  graduations  painted  every 

DiHCBARQE  UBASDRBHENTS. — At  medium  and  high  stages  from  footbridge  about  600 
feet  upstream  from  gage;  measuring  section  poor,  as  tho  bridge  makes  an  an^e  of 
20°  with  the  current,  and  at  high  stages  the  Bow  is  broken  by  large  stumps  near 
left  bank  and  at  middle  of  bridge;  at  low  stages,  by  wading  SO  feet  below  bridge 
or  at  another  section  100  feet  above  gage.  The  flow  of  Schoenbar  Creek  has  b«eo 
added  to  obtain  total  flow  past  gage. 

GbakneI'  and  control. — Gage  is  located  in  a  large  deep  po«1  of  still  water  at  a  bend 
in  creek.  The  bed  of  the  stream  at  the  outlet  of  this  pool  is  a  solid  rock  ledge, 
which  forms  an  excellcoit  penoanent  control  at  the  gaga. 
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ExTRBMBB  or  DiscBAROE. — Hoxlmum  stage  recorded  during  1916,  C  feet  July  29 
(disdiEuge,  1,490  second-feet);  nunimumat^e  recorded,  0.36  foot  in  January  and 
February  (discharge,  40  aecoiid-feet). 

1909-1912  ftnd  1915-16:  Maximum  stage  recorded,  S.2  feet  December  2,  1911 
(discharge,  3,400  aecoud-feet);  minimum  stage  recorded,  0.28  foot  September  24, 
1915  (dischatge,  34  second-feet). 

Ice. — Ice  forms  along  banks  but  control  remains  open. 

DiVERSioKB,— A  amall  quantity  of  water  ia  diverted  above  the  atation  for  the  use  of 
the  town  of  Ketchikan,  the  New  England  Fifih  Co.,  and  the  Standard  Oil  Co. 

ReauiATioN. — Small  timber  dam  and  headgatas  aie  located  at  outlet  of  Ketchikan 
Lake.  Water  diverted  through  power  house  is  returned  to  creek  a'  ove  gage  but 
cauaee  very  little  diurnal  fluctuation.  During  low  water  the  flow  ia  increased  by 
water  from  the  reservoir. 

Accuracy. — Stage-discharge  relation  permanent.  Rating  curve  well  defined  below 
and  poorly  defined  above  2,000  aecond-foet.  Gage  read  once  daily.  Daily 
discharge  ascertainod  by  applying  daily  gage  heighia  to  rating  table.    Results 
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SWAN  LAKE  OUTLET  AT  OAKBOLL  INLET,  BETILLAOIOEDO  ISLAND. 

Location. — Halfway  between  Swan  Lake  and  tidewater;  on  east  shore  of  Carroll 
Inlet,  I  mile  fiom  its  head;  30  milee  by  water  from  Ketchikan. 

Draikaqe  abba. — Not  measured. 

Records  ATAiLABLE.^August  24  to  December  31,  1916. 

Gaob.— Stevens  watef«tage  recorder  on  left  bank,  half  a  mile  from  tidewater; 
reached  by  a  trail  which  leaves  beach  back  of  old  cabin  one-fourth  mile  south  of 
mouth  of  creek. 

DiBCKABOE  UEAsDBEHENTfl. — At  medium  and  high  stagee,  made  from  a  cable  acraee 
stream  100  feet  downstteam  from  gage;  at  low  at^ea  made  by  wading. 

Chakkel  akd  contxol.— The  gage  well  is  in  a  deep  pool  25  feet  upstream  from  a 
contracted  portion  of  channel,  where  a  fall  of  a  foot  over  bed  rock  forma  a  perma- 
nent control.  The  effect  of  the  violent  fluctuation  of  the  water  surface  outside 
of  gage  well  is  decreased  in  the  inner  float  well  because  the  intake  holes  at  the 
bottom  are  very  small.  At  the  cable  section  the  bod  is  rough,  the  water  shallow, 
and  the  cuirent  very  Bwift.     Point  of  zero  flow  is  at  gage  height  0.0±0.2  foot. 

ExTBRMBB  OP  DiBCHABOB. — Mn-Timimn  stage  Tecorded  duTuig  poTiod,  4.74  feet  at 
7  p.  m.  October  28  (dischai^,  1,210  eecond-feet);  minimum  stage  recorded, 
1.23  feet  December  28  (discharge,  73  eecond-feet). 

Ice. — Stage-dischaige  relation  not  aSected  by  ice. 

AccuRAcr. — Stage-diacharge  relation  permanent.  Rating  curve  fairly  well  defined 
between  50  and  900  eecond-feet.  Operation  of  watar-stage  recorder  aatisfactery 
except  December  8-31.  Daily  discharge  ascertained  by  applying  to  rating  table 
mean  daily  gage  hei^le  determined  by  inspecting  gage-height  graph.  Reaulta 
fair. 
Swan  Lake,  whose  area  is  about  350  a 

tion  of  225  feet  above  gea  level. 
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Uonthlg  ditiAarge  of  Swan  Lake  oMUt  at  Carroll  InUlfor  Ae  period  Aug.  14  to  Dte.  SI, 
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OBCHABD  LAEB  OUTLET  AT  8HB1HP  BAY,  IC£TILLAQIOEDO  ISLAND. 

■  Location.— In  latitude  55=  W  N.,  longitude  131°  27'  W.,  at  outlet  ot  Orchard  Lake, 
one-third  mile  from  tidewater  at  head  of  Shrimp  Bay,  an  arm  of  Betun  Canal, 
4S  miles  by  water  from  Ketchikan. 

Dbainaok  ABBA. — Not  measured. 

Rbcobds  atailablb. — May  28,  1915,  to  December  31,  1916. 

Gaoe.— Steveoe  water-stage  recoidet  on  right  bank  300  feet  below  Orchard  Lake  and 
100  feet  above  site  of  dmber-crib  dam,  which  was  built  in  1914  for  propoeed  pulp 
itiin  and  washed  out  by  high  water  August  10,  1915.  Datum  of  gage  lowered 
2  feet  September  15,  1915.  Gage  hei^U  May  29  to  August  10  referred  to  first 
datum;  August  11,  1915,  to  August  17,  1916,  to  second  datum.  Datum  of  gage 
lowered  1  foot  August  17,  1916.  Gage  heights  August  18  to  December  31,  I9I6, 
referred  to  this  datum. 

DiBCHABOB  UEASUBBHBNTS, — At  modlum  and  hjgh  stagos  made  from  cable  60  feet 
downstream  from  gage;  at  low  stages  by  wading  near  cable. 

Channel  ano  contbol. — From  Orchard  Lake,  at  elevation  134  feet  above  high 
tide,  the  stream  descends  in  a  series  of  rapids  for  1,000  feet  through  a  narrow 
gorge,  then  divides  into  two  channels  and  enters  the  bay  in  two  cascades  of  100- 
foot  vertical  fall.  Opposite  the  gage  the  water  is  deep  and  the  current  sluggish. 
At  the  site  of  the  old  dam  bedrock  is  exposed,  but  for  30  feet  upstream  the  channel 
is  filled  in  with  loose  rock  and  brush  placed  during  coistruction  of  dam.  This 
material  lonne  a  riffle  which  acts  aa  a  control  for  water  surface  at  gage  at  low  and 
medium  stages  and  is  scoured  down  when  ice  goes  out  ot  lake ;  the  rock  outcn^ 
at  mte  of  old  dam  acts  as  a  control  at  high  stages  and  is  permanent. 

EzTBEUBS  OF  DISCHABOE. — Maximum  stage  recorded  during  period,  8.4  feet  at  2 
a.  m.  October  16, 1915  (discbarge,  6,230  eecond-feet);  minimum,  estimated,  20 
aecond-feet  February  11,  1916. 

IcB. — Ice  forms  on  Orchard  Lake,  but  because  of  swift  current  and  relatively  warm 
water  from  lake  the  outlet  and  control  remain  open. 

Accuract. — Stage-discharge  relation  changed  August  10,  1915,  when  timber  dam 
below  gage  was  washed  out,  and  changed  for  low  stages  February  15  and  April 
13,  when  the  old  gravel  cofferdam  under  cable  was  scouiod  down  by  ice  pasdng 
out  of  lake.  Fifteen  discharge  measurements  were  made  during  period,  by 
means  of  which  rating  curves  have  been  constructed  applicable  aa  follows:  May 
28  to  August  10  well-defined  below  and  poorly  defined  above  2,000  aecond-feet; 
August  11,  1915,  to  February  14,  1916,  well  defined;  February  15  to  April  12, 
poorly  defined;  April  13  to  December  31,  1916,  fairly  well  defined.  Operation 
of  water-stage  recorder  satisfactory,  except  for  periods  when  clock  stopped,  u 
shoffjt  in  footnote  to  daily-discharge  table.  Daily  discharge  ascertained  by 
applying  to  rating  table  mean  daily  gage  heights,  determined  by  inspecting 
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gage-hoght  gnpii,  or  for  daya  of  coaaiderable  fluctuatiim  by  averagbg  the  dis- 
charge for  equal  intervals  of  the  day,  except  April  13  to  November  2,  1916,  for 
itiiidi  the  daily  diocharge  was  aecertwned  by  use  of  the  discharge  integrator. 
Besoltafair. 
The  hi^est  mountains  on  thlB  drainage  baain  are  only  3,500  feet  above  sea  level 
and  are  covered  to  an  elevation  of  2,500  feet  by  a  heavy  etand  of  timber  and  a  thick 
undeigrowth  of  brush,  ferns,  alders,  and  devil's  club.    The  topt^raphy  is  not  so 
rugged  as  that  of  the  area  aurrounding  Shelockum  Lake,  and  the  proportion  of  v^e- 
tation,  soil  cover,  and  lake  area  ia  greater,  so  that  more  water  is  stored  and  the  flow 
in  the  Orchard  Lake  drainage  basin  is  better  sustained. 
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8HEUK1KUU  lAEE  OUTLET  AT  BAILET   BAT. 

Location.— In  latitude  56°  (XKN.,  longitude  131°  sy  W.  on  mainland  near  outlet  ol 
Shelocknin  Lake,  three-fouitha  mile  by  F<»eet  Snrice  trail  from  tidewater  at 
north  end  of  Bailey  Bay,  and  52  miles  by  water  north  of  Ketchikan. 
Dkainaqe  area. — IS  square  miles  (measured  on  sheets  Noa.  5  and  8  of  the  Alaska 

Boundary  Tribunal,  edition  of  18E>5). 
Rbcords  AVAnuBLR. — June  1, 1916,  to  December  31, 1916. 
Gaqb. — Stevens  wat«r  stage  records  on  right  shore  of  lake,  260  feet  above  outlet. 
Discharge  MSAsiiBBMENrrs.—liIade  from  cable  acroee  outlet  of  lake,  200  feet  below 

gage  and  50  feet  upstream  from  crest  of  falls. 
Chanhei<  and  contkol. — Opposite  the  gage  the  lake  is  600  feet  wide;  at  the  outlet 
bedrock  is  exposed  and  the  water  makes  a  nearly  perpendicular  fall  of  150  feet. 
This  fall  forms  an  e«;ellent  and  permanent  control  foe  the  gt^.    At  extremely 
high  stages  (he  lake  has  another  outlet  about  200  feet  to  left  of  main  outlet. 
Point  of  zero  flow  is  at  gage  h^ht  0.6  foot. 
ErrRZHBs  of  nisoHABOB. — Hudmum  stage  recorded  during  period,  6.6  feet  (esti- 
mated) October  16, 1916  (diechatge,  2,440  second-feet);  minimum  flow,  estimated 
from  gage  I'ecord  and  climatic  data,  6  second-feet  February  11,  1916. 
lOB.— Ice  forms  on  Shelockum  Lake  and  at  gage,  but  because  of  the  swift  current 
and  relatively  warm  water  from  lake,  the  control  remains  open  and  stage- 
discharge  relation  is  not  affected  by  ice. 
AocuBACT. — Stage-discharge  relation  permanent.    Bating  curve  well  defined.     Oper- 
ation of  water-stage  recorder  satisfactory  except  for  periods  of  break  in  record 
shown  in  the  footnote  to  daily-disc haige  table.    Daily  discharge  ascertained  by 
applying  to  the  rating  t«ble  mean  daily  gage  heights  determined  by  inspection 
of  gage-hei^t  graph,  or,  for  days  of  considerable  fluctuation,  by  averaging  the 
diecbaige  for  equal  intervals  of  the  day,  except  Uarcb  27  to  November  1,  1916 
for  which  discharge  was  ascertained  by  use  of  dischaige  integrator.     Reeulla 
excellent  except  for  periods  of  break  in  record,  for  which  they  are  fair. 
Sbdockum  I^e,  at  elevation  344  feet,  is  only  350  acres  in  area.    The  drHinage 
basin  above  the  lake  is  rough  and  precipitous  and  is  covered  with  little  soil  or  vege- 
tation. There  are  no  glaciers  or  ice  fields  at  tlie  source  of  the  tributary  streams.  There- 
fore, as  there  is  little  ikatural  sti^sge,  the  run-oft  after  a  heavy  rainfall  is  rapid  and 
not  well  sustained,  and  during  a  hot,  dry  summer  the  flow  becomes  very  low.    The 
large  amount  of  snov  that  accumulates  during  the  winter  months  maintains  a  good 
flow. 
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Monthlg  ditcAarge  ofSheUxkum  Lake  outlet  at  Baitej/  Ba^for  1915-16. 
[Dnlnags  t>«t,  IS  square  mllu.] 
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KAKTA   BITSB  AT   KABTA   BAT,   PRINCE  OF  WALES  ISLAND. 

Locahon.— In  latitude  6S°  34'  N.,  longitude  132°  37'  W.,  at  head  of  Earta  Bay,  an 
arm  of  KagMn  Bay,  on  east  coast  of  Ptince  of  Wales  Island,  42  miles  by  water 
acnm  Clatencs  Sbait  from  Ketchikan. 

Deumaob  absa. — 4S.6  square  miles  (U.  8.  Forest  Service  lectsmaissance  map  of 
Prince  of  Walea  Island,  1914). 

BiooKSS  ATAiuBu.— July  1, 1915,  to  December  31, 1916. 

Qauk. — Stevens  Tater-et^s  recwder  on  left  bank,  half  a  mile  above  tidewater,  at 
head  of  Earta  Bay  and  1}  miles  below  outlet  of  Little  Salmon  lAke.  Two  per 
cent  of  total  drainage  of  Earta  River  enleis  between  outlet  ot  lake  and  gage. 

DiBCBAaoB  KBABTmxKBNTs. — At  modium  and  high  stages  made  from  cable  acTaeo 
river  50  feet  npstream  from  gage;  at  low  stages  by  wading  at  cable  section. 

ChamnsIi  and  contbol. — From  Little  Salmon  Lake,  1)  miles  from  tidewater,  the 
river  descends  105  feet  in  a  serieB  of  lapids  in  a  wide,  ahallow  channel,  the  banks 
o(  which  are  low  but  do  not  overflow.  The  bed  is  of  courae  gravel  and  bouldere; 
rock  crops  out  only  at  outlet  of  lake.  Gage  and  cable  are  at  a  pool  of  still  water 
formed  by  a  riffle  of  coarse  gravel  that  makes  a  well-defined  and  permanent  control. 

EzTBEKES  or  siscBABOi. — Maximum  stage  recorded  during  period,  4.4  feet,  October 
16  (discharge,  3,340  second-feet);  minimum  flow,  estimated  from  discharge  meas- 
urement, gage  record,  and  climatic  data,  21  second-feet,  February  11. 

lox. — Stkge-discharge  relation  afiected  by  ice. 
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AccuRACT. — Sb^-disch&Fge  relation  pr&ctdcally  pemumeDt,  except  when  affected 

by  ice  January  8  to  February  16.    Rating  curve  veil  defined  between  80  and 

1,500  second-feet;  extended  below  80  second-feet  to  the  point  of  zero  flow  and 

above  1,500  second-feet  by  estimation.    Operation  of  water-elage  recorder  eatie- 

factory  except  for  periods  indicated  by  breaks  in  record  as  shown  in  footnote  to 

daily-discharge  table.    Daily  dischaiffl  ascertained  by  applying  to  rating  table 

mean  daily  gage  he^ta  determined  by  inspecting  g^e-height  graph,  or  its  days 

of  considerable  fluctuation  by  averaging  results  obtained  by  applying  to  ratii^ 

table  mean  gage  heights  for  regular  intervals  of  day.    Results  excellent  except 

for  periods  of  break  in  record ,  for  period  affected  by  ice,  and  for  discharge  above 

1,600  second-feet,  for  which  they  are  fair. 

The  combined  area  of  Little  Salmon  I«ke  at  elevation  105  feet,  and  Salmon  Lake 

at  elevation  110  feet,  is  1,600  acres.    The  slopes  along  the  tight  shore  of  lakes  and  at 

head  of  Salmon  I«ke  sre  gentle,  and  the  area  included  by  the  250-foot  contour  above 

lake  outletis  5,500  acres.    Thediaioage  area  to  elevation  2,000  feet  is  heavily  covered 

with  timber  and  dense  undergrowth  oC  ferns,  brush,  and  alders.    The  upper  parts  of 

iha  mountains  are  covered  with  thin  soil  and  brush.    Only  a  few  peaks  at  an  eleva- 

ti<m  of  3,500  feet  are  bare.    This  large  lake  and  flat  area  and  thick  vegetal  cover 

afT<»iJ  considerable  natural  storage,  which,  after  heavy  precipitation,  maintains  a 

good  run-ofi.    The  snow  usually  melts  by  the  end  of  June,  and  the  run-off  becomes 

very  low  durii^  a  dry,  hot  summer. 

The  Forest  Service  in  summer  of  1916  conslmcted  a  pack  trail  from  tidewater  to 
outlet  of  Little  Salmon  lAke. 
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MINERAL  HESOURCES  OF  ALASKA,  1916. 


HILL    CREEK   NEAB   WRANOBLL. 

IjocAnoM.— In  latitude  56=  28'  N.,  longitude  132=  12'  W.,  near  outlet  of  Lake  Vir- 
ginia on  east  shore  of  Eastern  PaMage,  a  narrow  channel  between  Wrangell  Island 
and  mainland,  6  miles  by  water  Irom  Wrai^ll. 

Brainaob  area. — 50  ■  square  miles  (measured  on  U.  S.  Coast  and  Geodetic  Survey 
chart  8200). 

RscOBDS  AvAiuBLB.— June  IT,  1915,  to  December  31, 1916. 

Gaob.— Stevens  water-stage  recorder  on  left  bank  one-fourth  mile  below  Lake  Vir- 
ginia  and  three-fourths  mile  above  tidewater. 

DtBCHAKOB  UBAsuaiiKBNTs. — Mftde  from  cable  across  creek,  10  feet  upstream  from 

Channel  and  dontbol. — From  the  outlet  of  the  lake,  at  an  elevation  of  100  feet 
above  sea  level  and  at  a  distance  oE  1  mile  from  tidewater,  the  creek  descends 
inaserieaofrapidsandfalls.  The  bed  is  glacial  drift  and  boulders  at  the  ntpids 
and  rock  outcrop  at  points  of  concentrated  fall.  The  gage  is  in  a  pool  of  still 
water  created  by  a  small  fall  at  a  contracted  poist  of  channel.  This  fall  makes 
a  well-defined,  permanent,  and  sensitive  control. 
ExTREHBB  or  DiRCHA  BOB  .—Maximum  stage  recorded  during  period,  8  feet  October 
16, 1915  (discharge,  computed  from  extension  of  rating  curve,  about  3,310  second- 
feet,  differs  from  that  published  in  Bulletin  642  because  of  revision  of  rating 
curve);  miniiniim  stage  recorded,  0.02  foot  February  11  (disdiarge,  15  second- 
feet). 
Ice. — Ice  forms  on  the  l^e,  at  gage,  and  along  the  banks,  but  the  swift  current  and 

flow  of  relatively  warm  water  from  the  lake  keeps  the  control  open. 
AcCDKACT. — Stage-discharge  relation  permanent;  not  affected  by  ice.    Rating  curve 
well  defined  below  1,200  second -feet;  extended  above  1,200  second-feet.    Opera- 
tion of  water-sti^  recorder  satisfactory  except  for  periods  indicated  in  footnote 
to  duly-dischaige  table.    Daily  discharge  Bscertaiued  by  applying  to  the  rating 
table  mean  daily  gage  heights  determined  by  inspecting  gage-height  graph,  or, 
for  days  of  considerable  fluctuation,  by  averaging  results  obtained  by  averaging 
discharge  for  equal  intervals  of  the  day.    Results  good  except  for  periods  when 
water-stage  recorder  was  not  operating  satisfactorily. 
The  drainage  basin  is  covered  witlt  a  heavy  stand  of  timber  to  an  elevation  of  2,500 
feet  and  a  dense  undergrowth  of  ferns,  brush,  alders,  and  devil's  club,  but  because 
of  the  steep  slopes  and  thiu  soil  the  run-off  after  heavy  rains  is  rapid  and  the  ground 
storage  is  small.    During  a  dry,  hot  period  in  summer  the  flow  is  augmented  by  melt- 
ing ice  from  glaciers  at  the  headwaters  of  two  of  the  tributary  streams. 
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■  uMmtnn  nags  reooDted  by  tin  wsMr-atacB  leoorder,  ezaoC  date  Dot  kuowii. 
OBEBN    LAKE   OUTLET   AT    SILVER   BAT,    NBAS   BITEA. 

Location.— In  latitude  56°  By  N.,  longitude  135°  y  W.,  at  outlet  of  Green  Lake, 

at  head  of  Silver  Bay,  lOJ  mileB  by  water  south  of  Sitka. 
Bbainaob  arba. — Not  measured. 

Records  atailabls.— August  22, 1915,  to  December  31, 1916. 
Gaqb. — Stevens  water-etago  recorder  on  r^ht  bank  at  outlet  of  lake,  reached  by 

trail  which  leaves  the  beach  one'fourth  mile  north  of  mouth  of  stream,  ascends 

a  600-foot  ridge,  and  then  drops  down  to  the  outlet  of  the  lake. 
Discharge  mbasdrbiibnts. — Made  from  cable  acros  outlet  30  feet  below  gage. 
Channel  and  control. — From  Green  Lake,  240  feet  above  sea  level  and  1,S00  feet 

from  tidewater,  the  stream  descends  in  a  series  of  falls  and  rapids  through  a  nai- 

Rnw  canyon  whose  exposed  lock  walls  rise  perpendiculaily  more  than  a  hundred 

feet. 
Eztrbmeb  of  DiBoHAROK.—lfoximum  etaed  recorded  during  period,  10.22  feet  at  5 

a.  m.  September  IS,  1916  (discharge,  cranputed  from  extension  of  rating  curve, 

2,400  second-feet);  minimum  flow,  estimated  from  hydrograph  bx  Baianof  Lake 

outlet  and  climatic  records,  24  second-feet  February  13. 
IcB.— Ice  forms  on  lake  and  at  gage,  but  because  of  current  and  Bav  et  relatively 

waim  vater  from  the  lake  the  control  remains  open. 
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Accuracy. — Stage-discharge  relation  permanent.    Bating  curve  well  defined  between 
XOO  and  1,300  second-feet.    Operation  of  water-stage  recorder  aatishctory  except 
tor  periods  indicated  by  breaks  in  record,  as  shown  in  the  footnote  to  the  daily- 
discharge  table.    Daily  discharge  for  1916  and  February  16  to  March  2  and 
November  I  to  December  27,  XS16,  ascertained  by  applying  to  the  rating  table 
mean  daily  gage  heists  determined  by  inspecting  gage-height  graph,  or,  tea 
dayB  of  considerable  fluctuation,  by  averaging  results  obtained  by  applying  to 
rating  table  gage  heights  for  regular  intervals  of  day.     Dischaige  April  3  to 
October  31,  1918,  ascertained  by  use  of  discha^  int^rator. 
In  the  fall  and  winter  the  flow  ia  low  because  there  ie  little  ground  storage  and 
en  most  of  the  drainage  area  the  predpilation  is  in  the  form  of  snov.    This  ac- 
cumulated snow  i^oduces  a  large  run-off  during  the  spiir^,  and  the  melting  ice  from 
the  glacier  and  the  ice-capped  mountains  augment  the  run-off  from  precipitation 
during  the  summer.    The  area  of  Green  lAke  is  estimated  to  be  only  100  acres. 
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WATEEr-POWEB  INVEBTIGATIOIIS  IN  80UTHEASTEEN  ALASKA.    127 
BASANOF  LAEB   OUTLET   AT    BASANOF,    BABANOF   ISLAND. 

Location.— la  latitude  67"*  y  N.,  longitude  134°  W  W.,  &t  townBite  of  BaranoC,  at 
bead  irf  Waim  Spring  Bay,  east  coast  of  Baranof  Island,  ISmilee  east  of  Sitfca  acroea 
island,  but  96  miles  from.  Bitka  by  water  thiougb  Peiil  Stnut. 

Deainaob  asea. — Not  measured. 

BxcoBDS  AV&iLABLB.^-JuDe  28,  1915,  to  December  31,  1916. 

GAOi.^-StAveiiB  water-stage  recorder  on  rigbt  bank  700  feet  below  Baranof  Lake  and 
800  feet  above  tidewater  at  head  of  Warm  Spring  Bay. 

DiHCHABOB  HKAauKBHENTB. — Made  from  cable  acroHB  stream  100  feet  below  lake 
and  600  feet  above  gage. 

Chamnsl  and  control. — From  Baranof  Lake,  at  elevation  130  feet  above  sea  level, 
and  1,500  feet  fnnn  tidewater,  tbe  stream  descends  in  a  seriee  of  rapids  and  small 
falls  and  enters  the  bay  in  a  cascade  of  about  100  feet  concentrated  fall.  The 
bed  is  of  glacial  drift,  bouldeta,  and  rock  outcrop.  The  gage  is  in  an  eddy  50 
feet  downstream  from  the  Foot  of  a  small  £nll  and  100  feet  upstream  from  a  riffle 
which  forma  a  well-defined  control. 

ExTRBMBB  OF  DiscHAEOB. — Wmimiinn  stage  recorded  during  period,  5.3  feet  August 
10, 191&  (discha^e,  computed  fromeztonsionof  tating  curve,  3,350  eecond-feet)) 
miniTnnin  flow  eetimated  by  discbarge  measurement  and  climatic  data,  28 
second-feet  on  February  13. 

IcB. — Because  of  the  swift  current  and  flow  of  relatively  warm  water  from  the  lake, 
the  stream  remains  open. 

DiTBRBioNe. — The  fiume  to  Olson's  sawmill  diverts  frmn  the  stream  200  feet  below 
gage  only  suffident  water  to  operate  a  25-horeepower  Pelton  water  wheel. 

AcCDKACT. — StagoJiacharge  relation  permanent,  not  affected  by  ice.  Rating  curve 
well  defined  below  2,000  second-feet.  Operation  of  water-stage  recorder  satis- 
taclory  except  for  short  periods  indicated  in  footnote  to  daily-discharge  table. 
Daily  discharge  ascertained  by  applying  to  rating  table  mean  daily  gage  heights 
determined  by  inq»ecting  gage-height  graph,  or,  for  days  of  considerable  fluctua- 
tion, by  averaging  discharge  for  equal  intervals  of  day.  Results  good  except  for 
periods  when  r«c<vder  did  not  opersto  satisfactorily,  and  for  periods  when  water 
was  frozen  in  well,  for  vrtiich  they  are  fair. 

The  drainage  area  is  rougji  and  precipitous,  and  the  v^etahle  and  soil  cover  is 
thin,  even  on  the  foothills  of  tbe  mountains.  The  run-off  is  rapid,  and  the  ground 
sbffage  ie  small-  During  a  dry,  liot  period,  however,  the  flow  is  greatly  augmented 
by  meltiiig  ice  from  several  small  glaciers  and  ice-capped  mountains. 
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lONEKAL  BEBOUBCBB  OF  ALASKA,  1916. 
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Nore.— I>lB(durga  eatlnuted  lor  fallowing  p«rkids,  beeaine  ol  inuHtlsbotory  aparatloi]  of  TalarfitagB 
nooidM':  Aug.  11-13  (maandiacbaise,  886  >eoond-lHt),  and  Sept.  1-3,  IBIG,  by  <nDiHrl9onwltbriK»rds  of 
flow  br  HtTB^ns  bi  Bd^aaeiit  drajno^  baslzis,  and  from  mhilmiini  stage  for  period  mdldated  by  rvoonliiig 
pmoll:  Ian.  X  to  Feb.  13  rnmcllinatlo  records  aod  discharge  mauurement  of  Feb.  13;  Apr.  13-17  by  com- 
pubon  wltb  record  of  Bow  lor  Oteaa  lake  ouUeti  Itay  31  and  33,  IBIO,  Interpolated. 
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LocATioK. — In  latitude  57*  56J'  N.,  longitude  133°  4V  W.,  on  east  shore  1  mile  from 
beEMi  of  south  arm  of  Port  Snettisham,  3  miles  south  of  mouth  of  Whiting  River, 
7  miles  by  wat«r  from  SnettiBham,  and  42  miles  by  wal«i  from  Juneau.  No  large 
tributariee  enter  river  between  gaging  atation  and  outlet  of  large  lake,  2)  miles 
upstream. 

Drainaqk  area.— 27  square  miles  (measured  on  the  United  States  Geological  Survey 
topogi&phic  map  of  Uie  Juneau  gold  belt,  edition  of  1905). 

Bbcobdb  ATAiLiBLB. — July  31,  1915,  to  December  31,  1916. 

Gaqb. — Stevens  vater-etage  recorder  on  ri^t  bank  300  feet  upstream  from  tidewater 
on  east  shore  of  Port  Snetliahani. 

DiscHAROK  iiBAsuKBUBNTB. — Mads  from  cable  across  river  one-fourth  mile  upatreajn 
from  gage. 

Channel  and  control. — From  the  outlet  of  lake  at  an  elevation  of  520  feet  above  sea 
level  and  2)  miles  from  tidewater,  the  river  descends  in  a  series  of  rapids  and  falls 
throi^h  a  narrow,  deep  canyou.  Gage  is  in  a  pool  at  foot  of  two  falls,  each  25  feet 
high,  whicJi  are  known  as  Sweetheart  Falls;  outlet  of  pool  is  a  natural  rock  weir, 
which  forms  a  well-deSned  and  permanent  control  for  gage. 

EXTREHBS  or  oiacRABOR  .^Maximum  stage  recorded  during  period,  4.2  feet  August 
14,  1915  (discharge,  computed  from  an  extenmon  of  the  rating  curve,  1,420' 
second-feet] ;  minimum  flow,  estimated  from  discharge  measurement  and  climatic 
data,  15  second-feet  February  11. 

loB.— Stage-discharge  relation  not  seriously  affected  by  ice. 

■  DIUksIioiu  that  publlilwd  In  BallaClnH2  bwHM  oU  ravUoil  ointliic  ourva. 
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Aoom&oT. — Stage-diflcharge  lelalioii  practically  pennaoent;  affected  by  ice  January 

19  to  February  22.    'Rating  curve  well  defined  between  SO  and  1,300  aacood-feet; 

extended  beyond  tbeee  Umite  by  eetimatioa.    Operation  of  water-stage  recorder 

satisfactory  except  for  periods  indicatod  by  breaks  ia  record,  as  shown  in  footnote 

to  daily-diachai^  table.    Daily  discharge  ascertained  by  applying  to  rating  table 

mean  daily  gage  heights  determined  by  inspectiiig  gage-hei^t  graph,  or  for  days 

d  conadenible  fluctuation  by  aversging  results  obtaiiied  by  applying  to  rating 

table  gage  heights  for  regular  intervals  of  day.    Beeulta  excellent  except  for 

pwiods  of  breaK  in  record  and  for  stagee  bdow  80  and  above  1,300  seoond-feet, 

for  which  they  are  fair. 

In  the  fall  and  winter  the  run-off  is  small  because  Uie  precipitation  is  in  the  fram  of 

mow  and  because  of  the  small  amount  of  ground  8t<ffage;  during  a  hot,  dry  period  the 

low  ma-off  from  the  ground  and  lake  ttorage  is  augmented  by  melting  ice  from  cue 
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132  MINERAL  RESOUHCEB  OF  ALASKA,  1916. 

OBATBB   LAKB   OUTLET  AT   8PEEL   RITES,  POBT   SNETTISHAM. 

Location'. — At  oatlet  of  Crater  Lake,  1  mile  upelraua  from  the  edg«  of  tide  flats  at 
head  <A  north  arm  trf  Port  Snettuham,  2  miles  by  trul  from  cabins  of  Speel  River 
Project  (Inc.),  ^rtiich  are  42  miles  by  water  from  Juneau. 

D&AINAGB  ABBA. — 11.9  square  miles  (measured  on  topograpfiic  maps  of  tbe  Alaska 
Boundary  Tribunal,  edition  (rf  1895). 

RBcoKns  AVAiLABLB.— January  23,  1913,  to  December  31,  1916. 

Oaob. — Stevens  water-stage  recorder  on  Irft  shwe  of  lake,  100  feet  upstream  from 
outlet.  A  locally-made  water-stage  recorder  having  a  natural  vertical  scale  and 
a  time  scale  of  1  inch  to  24  hours  was  used  until  replaced  by  Stevens  gage  June 
29,  1916.  The  gage  datum  remained  the  nme  during  the  period.  During  the 
winter  months,  because  of  inaccessible  location  and  deep  snow,  the  operation  of 
Ute  gage  at  the  lake  was  diacontinued,  and  the  stage  read  at  staff  gage  in  channel 
exposed  at  low  tide  at  beach.  The  first  gage  at  beach  was  set  at  an  unknown 
datum  and  washed  out  in  winter  of  1915-1916.  Another  stafi  gage  was  set  at 
about  the  same  location  and  used  after  November  24,  1910. 

DiscHAROB  KBASURBICBNTS. — Hade  from  cable  acroee  outlet  of  lake,  100  feet  down- 
stream from  gage  and  10  feet  upetream  from  crest  of  first  falls.  The  rope  sling  from 
which  discharge  measurementa  were  first  made  was  replaced  in  fall  <A  1915  by  a 
standard  United  States  Geological  Survey  gaging  car,  mnVing  nune  accurate 
measurements  pcMsible. 

Channel  and  contbol. — The  gage  is  on  1^  shore  of  lake,  100  feet  upstream  from 
outlet  where  the  stream  becomea  constricted  into  a  narrow  channel,  the  bed  of 
which  is  composed  of  large  boulders  and  rock  outerop,  which  form  a  welf-defined 
and  permanent  control. 

EziKEUEB  OF  DisoHABQB. — Mazimum  stage  during  the  period,  6.0  feet,  August  13, 
1915  (discharge,  e3timat«d  from  extension. of  rating  curve,  1,680  eecond-feet); 
minimiun  flow,  5  second-feet,  February  1  to  13, 1916,  eBtimat«d]ht>m  one  discbarge 
measurement  and  climatic  records. 

AocuBAcr  ."Stage-discharge  relation  permanent.  Bating  curve  defined  by  19  dis- 
charge measuromentA,  13  of  which  were  made  by  employees  ot  the  Speel  River 
Project  (Inc.)  and  6  by  an  engi  neer  of  the  United  States  Geological  Survey,  and 
'  is  well  defined  below  and  extended  above  1,000  second-feet.  Bating  curve  used 
November  24  to  December  31,  1916,  for  staff  gage  at  beach,  fairly  well  defined. 
Operation  of  water-stage  recorder  used  during  1914  and  1915  not  satisfactory 
because  of  slippage  of  float  cord  and  unfavorable  time  and  gage-height  scales. 
Errors  from  these  eourcee  probably  compensating  in  computation  of  monthly 
mean  discharge.  Operation  of  Stevens  water-stage  recorder  satisfactory  except 
September  1  te  28,  1916,  when  it  stopped.  Daily  discharge  for  1913,  except  as 
indicated  in  note  to  daUy-discharge  table,  is  the  result  of  discharge  measure- 
ments made  nearly  every  day  by  float  or  current  meter  and  was  furnished  by  the 
Speel  River  Project  (Inc.).  DischargerecordJanuary  ItoMay  2,  DecemberltoSl, 
1914,  and  January  1  to  April  20,  1915,  computed  from  gage-height  records  foistaff 
gage  at  beach  and  furnished  by  the  Speel  River  Project  (Inc.).  Daily  discharge 
May  3  to  November  30,  1914,  and  April  21  to  November  25,  1915,  ascertained  by 
engineers  of  the  United  Statue  Geologfcal  Survey  by  applying  te  rating  table 
mean  daily  gage  heif^ts  furnished  by  Speel  River  Project  (Inc.).  Daily  discharge 
July  to  November,  1916,  ascertained  by  applying  to  rating  table  mean  daily  gage 
heights  determined  by  inspecting  gage-height  graph,  and  December  9  te  23, 
1916,  from  occaoonal  readings  of  nteff  gsge  at  beach.  Results  good  for  records 
obtained  from  gage  at  lake;  other  records  probably  fair. 
Crater  Lake  is  at  an  elevation  of  1,010  feet  above  sea  level  and  covers  1.1  square 

miles.    The  sides  of  Uie  mountains  surrounding  the  lake  are  steep  and  barren  and  the 

tops  are  covered  by  gladors. 
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Daay£ieharge,  in 

lecond-feet,  of  Crattr  Lake  ovOttatSpul  River  for  the  period  Jm.  ta, 
191S,  to  Dee.  31, 19 J«— Continued. 
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LONG   lUAKE   OUTLET    NE^B  PORT   SNEITISHAH. 

LooATiOK. — At  outlet  of  Long  Lake,  5  milee  upstream  from  moath  of  Long  Biv«i; 
2  miles  by  ti&i)  and  ■wa.t&t  across  Secojad  Lake  from  cabina  of  the  Spee)  Riv« 
Project  (Inc.),  vhich  are  at  head  of  north  arm  of  Port  Snettuham  and  42  miles 
b^  water  from  Juneau. 

DsAiKAOE  ABEA.— 31-9  square  milee  (measured  on  tc^ograpliic  ra^M  of  tlie  Aladm 
Boundary  Tribunal,  edition  of  1895). 

Rbcordb  available.— January  23.  1913,  to  NovMuber  10, 1915. 

Gaob. — Lietz  7-day  graph,  water-stage  recorder  on  left  shore  is  still  water  of  lake  30 
feet  upstream  from  creet  of  falls  in  left  channel  of  outlet.  Vertical  movement  of 
float  in  a  tank  set  at  lake  edge  transmitted,  by  system  of  pulleys  and  countei^ 
poise,  to  gage  in  house  15  feet  back  from  bank, 

DucBAROB  KSAsuRBHBHTB.— At  sll  slages  made,  with  meter  on  rod,  from  log  foot- 
bri^e  across  left  channel  and  suapenaion  footbridge  across  right  channel.  Measur- 
ing section  poor  because  of  rough  bed,  swift  current,  and  large  angle  which 
direction  of  current  makes  with  measuring  section. 

Chahhrl  and  control. — The  outlet  from  lake  consists  of  two  narrow  channels 
separated  by  a  smaU  island.  The  bed,  which  c<»isiBta  of  toA  ledge  and  large 
boulders  at  measuring  section  about  30  feet  below  gage,  breaks  off  abruptly  into 
high  falls.    Control  permanent. 

ExTRRHBs  or  DiacHABOB. — Maumum  discharge  during  the  periods  of  records,  4,250 
second-feet,  October  20,  1913;  minimum  flow,  32  eecond-feet,  eereial  days  in 
January  and  February,  1914. 

Ice. — Stage-discharge  relation  not  afiected  by  ice. 

AccoRACT. — Stage-discharge  relation  permanent.  Rating  curve  defined  by  9  dis- 
charge measurements,  5  of  which  were  made  in  1914  by  employees  of  the  Speel 
River  Prq'ect  (Inc.),  and  4  in  1915  and  1916  by  an  engineer  of  tiie  United  States 
Geological  Survey,  and  is  fairly  well  defined  between  30  and  1,300  second-feet. 

The  gage  was  operated,  daily  gage  heights  determined  and  funushed  by  the 
Speel  River  Project  (Inc.).  Daily  discharge  was  ascertained  by  applying  gaga 
heights  to  rating  table.  Results  fair  except  below  150  second-feet  and  above 
1,600  second-feet,  for  which  they  are  poor.  Because  gage  could  not  be  operated 
during  the  winter  and  because  satisfactory  measurements  of  discharge  could  not 
bemadeat  high  stages,  thisgaging  station  was  replaced  by  another  one  installed 
oa  L<nig  River  below  outlet  cd  Second  Lake  on  Novembw  U,  1016. 
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LONQ   BITKB  BELOW  SECOND  LAKE  AT  PORT  SNETTISHAH. 

Location. — On«-half  mile  downstream  horn  outlet  of  Second  Lake,  1  mile  down- 
stream from  outlet  of  Long  Lake,  one-iialt  mile  upstream  from  head  of  Indian 
Lake;  2)  milM  by  trail  and  boat  across  Second  Lake  from  cabins  of  the  Speel 
Biver  project  at  head  of  the  North  Arm  of  Port  Snettiaham,  42  miles  by  water 
from  Jnneau. 

Drunaob  abxa.-^3.2  square  mil«e  (measured  cm  sheet  No.  12  of  the  Alaska  Bound- 
ary Tribunal  maps,  edition  of  IS95). 

RncoRDB  A.VAILABLK.— November  11,  1916,  to  December  31, 1916. 

Gaqi.— Stevens  water-stage  recorder  on  right  bank  one-halt  mile  below  outlet  of 
Second  Lake. 

DiaCHAXoB  KBABUBEUBNTB. — At  medium  and  high  stages  made  from  cable  across 
river  at  gage;  at  low  Blagee  made  by  wading  one-fourth  mile  downstream. 
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MINERAL  RGSOVBCES  OF  ALASKA,  MS. 


Obannbl  AMD  coKTROL.— At  the  gage  the  ch&iinel  is  deep  and  the  cunent  do^^; 
banks  ute  low  and  are  oversowed  at  extremely  high  stagea;  bed  nnooth  except 
for  one  large  boulder.    A  rapid,  500  teet  downatieam,  forma  a  well-defined  and 
permanent  control. 
EXTRBMBB  OP  DiscHAsQB.— Htuimum  stage  recorded  during  p^od,  6.65  feet  at  7 
a.  m.,  September  19  (ducharge,  2,340  second-feet);  minimum  flow  estimated 
from  one  discharge  meaauroment  and  climatic  data,  23  second-feet,  February  13. 
IcB. — Stage-diacharge  relation  affected  by  ice  during  January,  February,  and  March. 
AcoDKACT.— Stage-discharge  relataon  permanent;  affected  by  ice  January  16  to 
April  2.    Rating  curve  (airly  well  defined  between  50  and  400  second-feet  and 
well  defined  between  400  and  2,000  second -feet.    Operation  of  water-stage  recorder 
satiefactory  tliroughout  the  open-water  period  except  for  short  periods  in  Decem- 
ber, 1815,  and  January,  1916.    Daily  dischai^  ascertained  by  applying  to  the 
rating  table  mean  daily  gage  heights  determined  by  inspecting  the  gage-height 
graph.    BeaultB  good  except  for  stages  below  400  second-feet  for  which  they  are  fair. 
The  area  draining  to  Long  River  between  Long  Lake  Outlet  and  this  station  com- 
prise only  1.3  square  miles,  including  First  Lake  and  Second  Lake.    Because  this 
area  is  at  a  low  altitude  and  has  noglacierBtheruu-oFCperBquaremilefrom  it  is  greater 
in  the  early  spring  but  much  leai  in  summer  ttion  that  from  the  area  above  Long  Lake, 
which  ia  partly  coveted  by  glaciers. 

DwJiargt  meaturementa  of  Long  River  below  Second  Lake  al  Port  Snettuham  during  the 
■pmod  Nov.  It,  1915,  to  Dee.  31, 1916. 
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DaU]/  ditAarge,in  tteond-fut,  of  Long  River  beiow  Second  Late  at  Port  Snettitham  far 
the  period  Nov.  11, 1915,  to  Dec.  SI,  /?ifi— Continued. 
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MIIfERAL  REBODSOBS  OF  ALASKA,  1016. 


8PEBL  KITBB  AT  POBT  8NETTISHAU. 

Location. — At  entrance  of  ctmyon  one-fourth  mile  doinurti«am  from  mouth  ot  Long 
Bivet,  and  8  milea  upstream  from  tide  flmts  and  the  cabins  of  the  Speel  Bivei 
Project  (Inc.),  which  are  at  head  of  nortL  um  of  Port  SnettiBham,  and  42  milea 
fay  water  &om  Juneau. 

Drainage  area. — Notmeaaured. 

Bbcorks  available.— July  1  to  December  31, 1916. 

Oaob. — Stevens  wat«r-Btage  recorder  160  feet  to  the  left  of  the  constriction  of  the 
river  at  the  entrance  of  tlie  canyon.  The  gage  is  reached  from  cabins  of  the  Speel 
Ei-ver  Project  by  trail  to  head  of  Second  Lake,  boat  acron  Second  Lake,  tnil  to 
head  of  Indian  Lake,  boat  across  Indian  lake,  trail  down  Lcmg  Itiverand  Indian 
River  to  canyon,  and  cable  acrosB  rivar  near  entrance  of  the  canyon — a  total 
distance  of  about  7  miles. 

DiscHAROE  UEASUREUINTS. — At  all  stages  made  from  cable  having  a  clear  span  of 
400  feet  acroas  river,  one-half  mile  below  gage  and  one-fourth  mile  below  lower 
end  of  canyon. 

Channel  and  cxintrol. — For  several  miles  above  the  canytm  the  river  flows  in  sev- 
eral channels  through  a  wide,  flat,  sandy  valley  in  which  the  channels  are  con- 
tinually sliifting.  The  river  is  constricted  fnmi  a  width  of  500  feet  to  75  (set  at 
entrance  of  canyon.  This  constriction  of  channel  and  rock  outcrop  at  entrance 
of  canyon  form  a  very  sensitive  and  permanent  omtrol.  The  extreme  range  in 
stage  is  28  feet.  Above  a  stage  of  22  feet  part  of  the  flow  paema  through  a  second- 
ary channel  (the  bed  of  which  is  rock  overgrown  with  brush)  which  begins  near 
gage  and  rojoins  main  channel  at  lower  end  of  canyon.  Below  a  stage  of  about 
4  feet  water  from  stream  does  not  reach  the  well  except  by  seepage  through  gravel. 
Stage-discharge  relation  is  therefore  not  permanent  for  stagee  faelow  4  feet.  At  the 
gaging  cable  the  bed  of  the  river  is  gravel,  with  one  large  rock  outcrop  near  mid- 
dle of  stream.  The  currant  is  very  swift  and  carries  a  large  quantity  of  sand  in 
suspension. 

IcB.^Ice  does  not  form  at  control,  but  M  much  frost  forms  in  gage  shelter  and  on 
metal  parts  of  gage  that  the  gage  does  not  operate  satisfactorily  during  the  winter. 

AccuRACT. — Stage -discharge  relation  permanent  except  for  stages  below  about  1,000 
second-feet,  when  frequent  measuremonts  are  neceraary  to  estimate  the  flow. 
Bating  curve  fairly  well  defined  between  1,200  and  10,000  second-feet;  ext«nded 
above  10,000  second-feet.  Operation  of  water-stage  recorder  not  eatisfactory  for 
periods  indicated  in  footnote  to  daily-discharge  table  because  of  the  frequent  stop- 
ping of  clock,  owing  to  the  binding  of  paper-supply  roll.  Daily  discharge  ascer- 
tained by  applying  to  rating  table  mean  daily  gage  heights  detormined  by  inspect- 
ing gage-height  graph.  B«sults  fair  for  periods  when  gage  was  (grating  satis- 
factorily; poor  for  periods  when  clock  was  not  running. 
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Monthly  ditdurge  of  Spul  River  al  Port  SruUUhamfor  the  ptriod  My  1  to  Dec.  31, 1916. 
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OBINDSTONE  OKEBK  AT  STEPHENS  FASSAQE. 

Location. — Onnorthehoreof  StevenaPaamgu  between  Point  Bishop  and  Point  Salu- 
buiy,  one^fourth  mile  weet  d[  mouth  of  Rhine  Creek  and  11  miles  by  water  from 
Juneau. 

Drainaob  abea. — Not  meosuied. 

Recor&b  AVAiLABLB.^Uay  6  to  December  31, 1616. 

Qaob. — Stevens  watet-stage  recorder  on  left  bank,  200  feet  from  tidewater,  installed 
September  16.  A.  laeti  seven-day  graph  water-stage  recorder  was  used  Uay  S 
to  June  17. 

DiscEABOE  HEASUEBHBNTs.— At  all  Stages  made  by  wading  either  in  the  channel 
on  the  beach,  which  ia  exposed  at  low  tide  or  100  feet  below  ga.ge  at  higb  tide. 

Channel  and  contkol. — Foradistance  of  one-fourth  mile  from  tidewater  the  stream 
descends  in  a  series  of  r^ids  and  falls  through  a  narrow  rocky  cbannel.  Ths 
gage  IB  at  upper  end  o(  a  turbulent  pool  between  two  falls,  the  lower  of  which 
forms  a  well-defined  control.  When  gage  was  installed,  logs  were  jammed  in 
channel  near  upper  end  of  pool. 

ExTKUiEB  OF  nisoHAROB.— Maximum  stage  recorded  during  periods  of  record,  4.S5 
feet  at  9  a.  m  September  10  (discharge,  about  416  second-feet);  minimum  stage 
recorded,  0.25  foot  during  period  December  12-31,  exact  date  not  known  (dis- 
charge, 11  second-feet). 
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MINERAL  BEBOUBCES  OF  ALASKA,  1910. 


Ice.— Stago-discharge  relation  not  affected  by  ice. 

Accuracy  .—Stage-discharge  relation  not  pennanent  because  logs  occaaioiially  lodged 
on  the  control  and  were  washed  away  during  high  water.  Discharge  measuie- 
ments  made  during  the  period  May  6  to  September  6  indicat«  that  there  was  no 
material  change  at  tha  contfol.  On  September  10  logs  evidently  lodged  on  the 
control.  When  tbey  wero  cut  loose  on  September  30,  the  water  surface  tell  0.2 
foot,  after  which  the  diechaige  measurement  indicated  that  the  stage-discharge 
relation  was  the  same  tta  that  b^ore  September  6.  Additional  Ic^  were  washed 
away  by  the  high  water  October  12,  after  which  there  was  no  further  change  at 
the  control.  Rating  curve  used  May  6  to  June  16  and  September  6  to  October  11, 
fairly  well  defined  between  18  and  80  second-feet;  0.2  loot  was  subtracted  from 
gage  heights  September  10  to  29  before  applying  to  nLting  table.  Rating  curve 
used  October  12  to  December  11  well  defined  between  10  and  120  aecond-Ieet. 

Operation  of  Lietz  gage  not  satisfactory  because  clock  lost  about  12  hours  each 
week;  operation  of  Stevens  gage  satisfactory  except  December  12  to  31,  when  paper 
stuck  to  guides.  Daily  dlacharge  ascertained  by  applying  to  rating  table  mean 
daily  gage  heights  determined  by  inspecting  gage-hei^t  graph.  Results  below 
100  second-feet  fair;  above  100  second-feet  poor. 
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Monthly  diaAarfft  qfOrindUone  Creek  at  SUphmt  foMogefot  1916. 
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CARLSON   OBEEK  AT  SUNNY   COTE. 
Location. — At  Sunny  Cove  on  ireet  ehon  of  Tikku  Inlet,  20  tnilea  by  yiMex  from 

Dkainaqb  ahba. — 22.36  square  milee  (deteimined  by  engineering  department  of 
Alaaka  Gastinettu  Uining  Co.  from  mirveye  made  by  ttiat  company). 

Rbcobdb  available. — J'uly  18  to  December  31, 1916. 

Gaos. — Stevens  water-stage  recoider  on  left  bank,  2  milee  from  tidewater;  inspected 
Mvetal  times  a  week  by  employees  of  the  Alaska  Gastincau  Mining  Co. 

DiscHAROB  MKABiTRB)iBNT8. — At  high  Stages,  made  from  cable  across  river  one-half 
mile  downstream  from  gage;  at  medium  and  low  stages,  by  wadiog  500  feet 
upstream  from  gage. 

Cbannel  and  contbol. — Above  the  gage  the  stream  meanders  in  one  main  channel 
and  sev«al  small  cbanneb  through  a  flat,  sandy  basiii  about  a  mile  long;  just 
below  gage  channel  contracts  and  stream  paaeee  over  rocky  falls  that  form  a  well- 
defined-aad  parmaneot  control.    Point  of  sero  flow,  gage  height  — 1.&  feet. 

EzTKBiraa  ov  siacsABOz. —Maximum  stage  recorded  during  period,  6.15  feet  Sep- 
tember IS  (discbarge,  computed  from  an  extenmon  of  rating  curve,  2,850  second- 
feet);  miniTniun  stage,  —0.53  foot  November  13  (discharge,  58  second-feet.) 

ICB. — Stage-dischaige  ralation  aSected  by  ice  in  January  and  February. 

AocuKACT. — Stage-dischatge  relation  permanent.  Rating  curve  well  defined  be- 
tween 90  and  1,200  second-feet,  extended  below  90  second-feet  to  point  of  zero 
flow  and  above  1,200  second-feet  by  eetimation.  Op««tion  of  water-stage  re- 
corder satistactory  except  for  a  few  days;  as  gage  was  visited  several  times  a 
week,  breaks  in  record  caused  by  clock  stopping  were  short.  Daily  dischatge 
ascertained  by  applying  to  rating  table  mean  daily  gage  heights  determined  by 
inspecting  gage-height  graph,  or,  for  days  of  considerable  fluctuation  by  averag- 
ing results  obtained  by  applying  to  rating  tabls  mean  gage  heights  for  regular 
intervals  of  the  day.  Resulte  good  except  for  stagee  below  90  second-feet  and 
above  1,200  second-feet  for  which  they  are  fair. 
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8HEBF  OBEEC  NEAR  THANE. 

Location. — At  lower  end  of  fl&t  buin,  above  divenion  d&m  for  flume  leftding  to 
Treadwell  power  houm  at  beach,  and  I  niile  by  tramway  and  ore  railway  fnxu 
Thaoe. 

DiuTNAoe  AHKA,— 4.57  square  milBB  above  gaging  bridge  (measured  on  United 
Slates  Geological  Survey  map  of  Juneau  and  vicinity,  edition  of  1917). 

Rbcoros  AVAnJ.BLB.— July  26  to  December  31,  1916. 

Gaob.— Stevem  water-atago  recorder  on  right  bank  at  pool  formed  by  «a  artificial 
control  just  below  small  island  three-tenths  mile  upstream  from  diversion  dam. 
Recorder  inspected  once  a  week  by  an  employee  of  the  Alaska  Gaatineau 
Uiuing  Co. 

DiBcEAROS  UKASUBBHKNTB. — At  extNmely  high  atagea  made  from  gaging  bridge 
two-tentba  mile  downstream  from  gage;  at  low  stages  made  by  wading  near  bridge 
eectim.  No  streams  enter  between  gage  and  measuring  section  but  seepage 
inflow  varies  from  a  small  amount  to  10  per  cent  of  totAl  flow,  the  per  cent  of  in- 
flow usually  being  large  after  periods  of  heavy  precipitation. 

Channbl  and  control. — The  station  is  near  lower  end  of  flat  basin  through  which  the 
stream  meanders  in  a  channel  having  low  banks  and  bed  of  aand  and  gravel.  An 
artificial  control  was  built  2  fe«>t  below  intake  for  gage  well  to  confine  the  flow  in 


D.a-izcdbvGoOgIc 


WaTBB-POWEB  INVESTlOAnONS  IS  S0UTHEA8TEBN  ALASKA.    147 

bue  channel  dining  hi^  vater  and  to  jnBure  a  permanent  stage-diacharge  relation^ 
'Tbs  spillway  of  the  control  at  low  erti^es  consists  of  a  timber,  16  feet  long,  set  lH 
the  bed  of  the  straun.  thiring  medium  and  high  stages  anotber  timber,  8  feet 
long,  bolted  at  top  heaf  right  end,  forms  part  of  the  control.  A  3-fo6f  ctit-oS  wall 
is  driven  at  upatream  hce  of  spillwaj'.  TEeie  are  wing  valb  at  each  end  and  an 
8-foot  apron  extends  downstream  from  control. 

Ic8. — Iceiormeinthechannelaboveandbelow,  but  not  on  the  spillway  of  the  control. 

AccirEACY. — On  July  29  high  water  probably  caused  a  raadjustment  in  the  gravel  bed 
of  channel  disturbed  during  the  construction  of  the  contKil.  Bating  curve  used 
July  25  to  29,  based  on  one  discharge  measurement  and  shape  of  subsequent  curve. 
Rating  curve  need  July  30  to  October  8  based  on  nine  dischaige  measurements  and 
is  fairly  well  defined.  During  this  period  the  intake  pipe  was  obstructed  with 
giavel,  and  water  surface  in  well  was  maintained  at  level  of  water  surface  in  creek 
10  feet  upstream  from  control  by  seepage  through  gravel-  After  October  S,  the 
intake  pipe  was  kept  open  and  the  stage-discha^e  relation  was  permanent; 
rating  curve  used  October  9  to  December  31  baaed  on  7  dischai^  measurements 
and  is  well  defined  below  and  poorly  defined  above  160  second-feet.  Operation 
of  water-stage  recorder  satisfactory;  the  gage  was  inspected  at  least  once  a  week. 
Daily  discbarge  ascertained  by  applying  to  rating  table  mean  daily  gage  heights 
determined  by  inspecting  gage-height  graph,  or,  for  days  of  considerable  fluctua- 
ti<ni  by  averaging  results  obtained  by  applying  to  rating  table  mean  gage  heights 
for  regular  intervals  of  the  day.    Results  fair. 
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MINERAL  REBOTJTICEB  OF  AIABKA,  1916. 

MotUklg  dUeharge  of  Sheep  Creek  nwr  Thane  for  1916. 
[Dnlniigs  uea,  4  J7  squara  mllat.] 
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OOLD   CBBEK  AT   JUNEAU. 

LoiunON. — At  highway  bridge  at  lower  end  of  Last  Chance  basm,  ZOO  feet  upstream 
from  divemoo  dam  of  Alaska  Electric  Light  &  Power  Co.,  and  one-fourth  mile 
from  Juneau. 

Bbainaok  area. — 9.47  square  milM  (determined  by  ei^ineertng  department  of 
Alaalca  Gaatineau  Mining  Co.,  From  surveyB  made  by  that  company). 

Rbcobds  availablb.— July  20  to  Docember  31,  1916. 

Gaob. — Stevens  water-stage  recorder  on  left  bank  at  upeti«am  side  of  highway  bridge. 
A  staff  gage  was  installed  September  19  on  left  wing  wall  of  diversion  dam  200 
feet  downstream  and  used  in  determining  the  time  of  changes  in  stage-discharge 
relation  at  the  well  gage. 

Discharge  iiEAsuRBMBNTa.— At  medium  and  high  etagee  made  from  gaging  bridge 
suspended,  at  ri^t  angles  to  current,  from  floor  of  highway  bridge;  at  low  stegea, 
made  by  wading  near  gage. 

Channel  and  control. — Station  is  at  lower  end  of  a  flat  gravel  basin  three-fourths 
mile  long.  For  20  feet  upstream  from  gage  tlie  stream  is  confined  between  the 
abutments  of  an  old  bridge,  and  for  15  feet  downstream  it  is  confined  between  the 
abutments  of  present  bridge.  For  a  distance  of  130  feet  farther  downstream  the 
stream  is  confined  in  a  narrow  channel  which  is  not  subject  to  overflow.  Because 
of  the  steep  gradient  of  chaimel  opposite  and  for  150  feet  below  gage,  a  short 
stretoh  of  the  cliannel  immediately  below  the  gage  acts  as  the  control.  The 
operation  of  the  head  gates  of  flume  at  diveision  dam,  200  feet  downstream,  does 
not  afTect  the  stage-discharge  relation  at  gage,  but  the  swift  current  during  high 
stages  shifts  the  gravel  in  bed  of  stream,  thereby  causing  changes  in  the  stage- 
discharge  relation. 

Ice. — Stage-discharge  relation  not  aflected  by  ice. 

DrvBtcaiON. — Water  diverted  at  sever&l  points  upstream  for  power  development  is 
returned  to  creek  above  gage,  except  about  one-second  foot  used  by  the  Alaska 
Juneau  Uining  Co.  The  dam  200  feet  downstream  diverts  water  into  the  flume 
of  the  Alaska  Electric  Light  &  Power  Co. 
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Rboui^ahom. — No  BUnage  refiorvoira  above  etatioa  that  r^ulate  the  flow. 

AcciTKAOT. — Stage-discharge  relation  changed  daring  periods  of  high  water;  20  dia- 
chaige  measurementB  and  4  aimultan^us  readingfl  ot  watar-alage  recorder  and 
vtafi  gage  at  divenion  dam  were  made  during  the  period,  by  use  of  which  rating 
curves  have  been  constructed  applicable  as  follows:  July  24  to  August  22,  rating 
curve  well  defined  below  and  pooriy  defined  above  200  eecond^eet;  August  24 
to  Beptember  Q,  well  defined  below  and  poorly  defined  above  200  »econd-feet; 
September  11-17,  well  defined  below  and  poorly  defined  above  250  second-feet; 
September  19  to  October  11,  well  defined;  October  13-24,  well  defined  between 
ISO  and  260  second-feet,  and  poorly  defined  above  and  below  these  limitB;  Oc- 
tober 26  to  December  31,  well  defined.  The  operation  of  the  wateT-«tage  re- 
corder was  satiatactory  throughout  the  period,  as  the  gage  w«b  visited  about  every 
other  day  by  an  employee  of  the  Alaska  Gastineau  Mining  Co.  Daily  discharge 
ascratained  by  applying  to  the  rating  table  mean  doily  gage  heights  determined 
by  inspecting  gage-height  graph,  or,  for  days  of  considerable  fluctuation,  by  aver- 
egmg  the  results  obtained  by  applying  to  rating  table  mean  gage  heights  (or 
equal  intervals  of  the  day.    Besults  fair. « 
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8HBBMAN  OBEEK  AT  KENSDtOTON  MIME. 

Location. — At  Kensington  mine,  on  east  ehore  ot  Lynn  Cuul,  ona-fourth  mile  down- 

stream  from  mouth  of  Ophir  Creek,  1  mile  Above  mouth  of  creek,  and  12  miles 

north  of  BemeiB  Bay.    Ci««k  at  thia  point  flows  through  a  flume  10  feet  wide 

and  20  feet  long,  constructed  for  the  purpoae  of  affording  a  better  sectioD  for 

TnftVJTYg  discharge  measurements. 
Drainaob  ASIA.— 3.65  square  milee  (measured  on  topographic  map). 
Rbcords  AViUJ.BLB,— August  17,  1914,  to  December  31,  1916. 
Gaob. — Vertical  st&R  graduated  to  tenths  and  halt-tenths,  fastened  in  center  of  flume, 

about  half  the  distance  along  tramway  from  beach  to  main  camp  of  mine;  read 

by  an  employee  of  Kensington  Mining  Co. 
DiecHAROB  UKAenBKitENTB. — Uade  near  lower  end  of  Qume  in  which  gage  is  located. 

Atbi^  stages  measuring  section  is  poor  because  of  wave  pul^itions  in  flume. 
Channel  and  contsoi.. — The  natural  bed  of  channel  upstream  and  downstream 

from  gage  is  very  rou^.    The  entire  flow  at  all  stages  passes  through  the  flume. 

A  free  fall  at  lower  end  of  flume  forms  a  petmanent  control  for  gage.    Point  of 

■era  flow,  zero  gage  hei^t. 
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EzTBXNBS  or  DiscHAKOB. — 1B14-1916;  Maximum  sb^  recorded,  2.00  feet  October 
15,  1915  (discharge  determined  from  aa  extenaioii  of  rating  curve,  208  eecond- 
leet);  mimTnnm  stage,  0.20  foot  January  25,  27,  29,  February  2,  4,  8,  and  10, 
1916  (discharge,  2.8  second-feet). 

Ice. — Sti^e-discharge  relation  not  aSected  by  ice. 

Aochkact. — Slage-diBchaige  relation  permanent.  Kating  curve  well  defined  below 
150  second-teet;  extended  from  150  to  208  second-feet.  Gage  read  to  hundredths 
generally  once  every  other  day  except  October  5,  1914,  to  February  7,  1915, 
whenitvasreadonly  twice  a  week.  Daily  discharge  fordayswhen  gage  was  read 
ascertained  by  applying  gt^  hei^t  to  rating  table.  Discharge  for  other  days 
determined  by  interpolation  or  by  comparison  with  records  of  flow  for  streams  in 
adjacent  drainage  basins.    Reeidts  fair. 
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MIKEHAL  AEBOUBGES  OF  ALASKA,  1916. 

■ftet,  of  Sherman  Crtet  at  Kentington  m 
'.  1314,  to  Dec.  SI,  19/6— Continued. 
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MINING  IN  THE  LOWER  COPPER  RIVER  BASIN^ 


By  Fbed  H.  Mofftt. 


COPPER   MINING  IN  CHITINA   VAIjIiBY. 
INTBODOCnON. 

During  the  summer  of  1916  the  writer  visited  most  of  the  copper 
prospects  of  Chitina  Valley  (PI.  X,  p.  156)  to  study  their  geology 
and  learn  what  prepress  had  recently  been  made  in  their  develop- 
ment The  present  activity  of  the  copper  market  is  reflected  in  the 
district  by  increased  interest  in  prospecting  for  copper,  and  more 
particularly  by  the  efforts  of  copper  producers  to  maintain  a  maxi- 
mum production  of  high-grade  ore.  No  new  mines  that  yielded  a 
recorded  output  were  opened  in  ldl6,  but  shipments  were  made  for 
the  6rst  time  from  a  number  of  properties,  some  of  which  may  become 
steady  producers.  The  prospects  will  be  described  in  the  order  in 
which  they  were  visited,  those  in  the  western  part  of  the  field  being 
considered  first  and  those  in  the  eastern  part  last.  No  attempt 
will  be  made  to  describe  in  detail  all  the  prospects,  nor  is  the  space 
given  to  the  description  of  any  particular  prospect  an  indication  of 
its  relative  value.  Some  claims  are  describtid  rather  fully,  because 
recent  work  on  them  has  disclosed  significant  geologic  facts  or 
geologic  relations,  and  one  or  two  that  have  not  been  described  before 
are  described  in  detail. 

The  copper  ores  of  the  district  extending  from  Koteina  Hiver  to 
Nizina  are  chiefly  bomite,  chalcopyrite,  chalcocite,  and  oxidation 
products  such  as  malachite,  azurite,  and  covellite.  Xative  copper, 
enargite,  copper  oxides,  and  some  other  copper-bearing  minerals, 
among  them  tetrahedrite,  are  associated  in  places  with  the  more 
common  minerals  first  named. 

Most  of  the  copper  deposits  are  found  in  the  succession  of  ancient 
lava  flows,  long  known  as  the  Nikolai  greenstone,  that  underlies  the 
massive  Upper  Triassic  (Chitistone)  limestone  of  Chitina  Valley. 
These  lata  flows  are  not  a  geologic  unit,  as  was  formerly  supposed, 
but  include  in  their  lower  part  sedimentary  beds  and  fragmental 
volcanic  rocks  deposited  in  water.  Copper  minerals  occur  in  the 
older  as  well  as  the  younger  flows,  although  they  are  probably  more 
common  in  the  younger.    At  a  few  places  deposits  of  copper  minerals 
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have  been  found  m  the  limestone  (Chitistone)  overlying  the  lava 
flows.  The  Kennecott- Bonanza  and  Jumbo  mines  are  the  best 
known  of  such  deposits,  and  because  of  their  great  production  of 
high-grade  ore  they  have  drawn  particular  attention  to  the  lime- 
stone as  a  source  of  copper.  Most  of  the  copper  prospects  of  Chitina 
Valley  have  already  been  described  in  more  or  less  detail  in  publica- 
tions of  the  TJ.  S.  Geolopcal  Survey.' 

KOISIHA  BIVEB. 

Most  of  the  copper  deposits  of  Kotsina  River  are  in  the  upper 
part  of  the  basin.  The  basin  of  the  Eotsina,  however,  includes 
Elliott  Creek,  one  of  its  lower  tributaries,  which  by  position  and 
topography  is  detached  from  the  main  valley  and  is  cut  off  from 
easy  communication  with  it 

The  copper  claims  of  upper  Koteina  River  are,  for  the  most 
part,  in  the  hands  of  a  few  owners,  who  have  done  the  assessment 
work  required  to  hold  the  properties,  but  have  not  had  the  means 
to  develop  them  and  demonstrate  their  value.  Claims  are  held  on 
Copper  Creek,  Kluvesna  Kiver  (including  Mineral  Creek),  Kotsina 
River,  and  Granite,  Surprise,  Peacock,  Roaring,  Aiuy,  and  Rock 
creeks,  tributaries  to  the  Kotsina.  A  few  claims  have  been  dropped 
recently  and  others  will  probably  be  dropped,  owing  to  the  failure 
of  the  owners  to  interest  capitalists  in  them.  Although  copper  is 
the  principal  metal  that  has  beoi  sought  in  this  district,  silver  has 
been  found  at  one  locality,  where  it  may  be  present  in  sufficient 
quantity  to  make  it  of  economic  importance.  It  is  contained  in  the 
mineral  tetrahedrite  and  occurs  in  a  zone  of  faulting  and  fracture 
west  of  the  large  granite  intrusion  between  Kotsina  and  Kluvesna 
rivers.  Several  short  tunnels  have  been  driven  on  the  claims,  but 
because  of  the  numerous  faults  they  have  not  given  a  clear  idea 
of  the  eiteait  of  the  mineralization  and  the  direction  of  the  veins. 

ELLIOTT  CBHEK. 

The  copper  pro^tects  of  Elliott  Creek  are  the  property  of  the 
Hubbard  Elliott  Copper  Co.  and  are  represented  by  over  50  claims, 
some  of  which  are  patented.  These  claims  extend  along  tiie  upper 
part  of  Elliott  Creek,  principally  on  its  north  side,  for  nearly  6 
miles.  Bomite,  chalcopyrite,  and  ckalcocite  are  the  most  common 
copper  minerals  of  the  deposits. 

For  three  years  mining  on  Elliott  Creek  has  consisted  principally  of 
assessment  work  on  unpatented  claims  and  the  extension  of  the  Albert 
Johnson  tunnel  on  Deception  Creek.    When  visited  in  August,  1916, 

*  Most,  F.  H.,  BDd  MBddTCD,  A.  0.,  Mineral  Tesooccea  o(  tbe  Kotalna-Chlttna  regioD, 
Alaska ;  tl.  S.  Oeol.  Survey  Bull.  3T4.  1!>0S.  Mofflt.  F.  H.,  uitt  Cippi,  8.  B.,  a«olagT 
and  mineral  reaonrce*  of  the  Nliina  dlitrlct,  Alaska :  V.  S.  0«oL  BnrTej  BnU.  448,  1911. 
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this  tunnel  had  been  run  to  a  length,  not  including  crosscuts,  of  1,076 
feet,  but  preparations  were  under  way  for  resuming  work  on  it  within 
a  few  days,  and  no  doubt  either  the  tunnel  or  a  crosscut  was  ex- 
tended con»derably  before  (he  season  ended.  Work  in  the  tunnel 
was  not  begun  till  late  in  the  summer  because  of  delays  in  the  de- 
livery of  powder  and  because  of  difficulties  in  shipping  that  arose 
from  labor  troubles  in  Seattle.  Power  for  the  drills  used  in  the 
tunnel  is  supplied  by  a  small  compressor  plant  driven  by  a  gasoline 
engine.  This  equipment  makes  it  possible  to  extend  this  tunnel 
much  more  rapidly  and  economically  Uian  the  Elizabeth  and  Curtis 
tunnds,  where  hand  drills  were  employed. 

As  the  Albert  Johnson  tumiel,  nearly  all  of  which  is  in  greenstone, 
approached  the  contact  of  the  greenstone  with  the  overlying  lime- 
stone (Chitistone)  shattered  country  rock  and  fatdted-in  masses 
of  the  limestone  and  shale  that  normally  overlie  the  Chitistone  lime- 
stone were  encountfired.  A  little  farther  from  the  face  of  the  tunnel 
the  drillers  met  a  zone  of  crushed  greenstone,  which  required  tim- 
bering. Thb  greenstone  contains  a  little  native  copper,  the  only 
native  copper  that  has  yet  been  found  in  the  tunnel.  The  ore  that 
was  exp<»ed  at  several  places  by  the  tumiel  is  bomite  and  chalco- 
pyrite  in  irregular  veins  which  form  part  of  a  sheeted  zone  in  the 
greenstone  and  are  cut  by  faults  later  than  the  time  of  copper 
deposition.  Because  of  this  later  faulting  few  of  the  copper-bearing 
veins  can  be  followed  far  and  many  of  them  end  abruptly  against  a 
wall  of  greenstone. 

The  Elliott  Creek  claims  are  now  connected  witii  Strelna  by  a  new 
trail,  which  is  much  better  than  the  one  formerly  used  and  which 
avoids  the  swampy  areas  traversed  by  the  old  trail. 

KTrSKULANA  BIVEB. 

The  copper  prospects  of  Kuskulana  River  include  the  Copper 
Mountain  group,  at  the  head  of  Clear  Creek;  prospects  on  Porcupine 
Creek  and  Nugget  Creek;  the  Finch  group,  between  the  forks  of 
Kuskulana  Glacier ;  the  Pierson  claims ;  the  London  and  Cape  claims, 
south  of  Trail  Creek ;  the  MacDougall  claims ;  the  Barus  group ;  and 
the  Berg  claims,  or  claims  of  the  North  Midas  Copper  Co.,  east  of 
the  Kuskulana  and  opposite  the  mouth  of  Clear  Creek.  None  of 
these  claims  is  now  producing  copper,  but  shipments  of  ore  have 
been  made  from  Nugget  Creek. 

The  Copper  Mountain  group  belongs  to  the  Great  Nortiiem  De- 
velopment Co.  and  includes  58  claims  on  Clear  and  Porcupine  creeks. 
Patent  had  been  granted  on  35  of  these  claims  at  the  time  of  visit,  and 
was  expected  soon  on  the  remaining  23  claims.  The  development 
work  consists  of  four  main  ttumels  having  a  total  length  of  more 
than  a  mile.  Most  of  the  work  on  these  tunnels  was  done  several 
103210'— IS— Bull.  662 11 
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years  ago,  but  owing  to  the  destruction  of  the  power  plant  by  a 
snowslide  and  to  uncertainty  about  the  granting  of  patents,  work 
was  discontinued  except  so  much  as  was  required  to  hold  the  ground. 

The  copper  ore  is  chalcopyrite  or  copper-bearing  pyrite  of  low 
grade  and  is  associated  with  a  large  body  of  diorit«  intruded  in 
greenstone.  Sulphides,  e^wcially  pyrite,  are  present  in  the  intrusive, 
but  most  of  the  copper  sulphide  is  in  the  greenstone  near  the  borders 
of  the  intrusive,  where  it  occurs  with  pyrite  in  irregular  veins  and 
stringers  and  in  small  particles  scattered  through  the  greenstone. 
The  ore  is  of  low  grade  and  must  be  mined  on  a  large  scale  in  order 
to  be  mined  profitably.  The  owners  expect  to  resume  work  when  all 
the  patents  have  been  granted  and  propose  to  erect  a  plant  to  experi- 
ment with  methods  for  saving  the  copper. 

Several  claims,  in  addition  to  those  of  the  Great  Northern  Devel- 
opment Co.,  have  been  staked  on  Porcupine  Creek.  Most  of  them  are 
near  the  borders  of  the  intrusive  rock  and  show  the  same  copper 
minerals  as  the  claims  on  Clear  Creek.  Several  short  tunnels  have 
been  started,  but  no  extensive  development  work  has  been  under- 
taken. 

The  claims  on  Nugget  Creek  belong  to  the  Alaska  Consolidated 
Copper  Co.  and  are  the  only  claims  in  Euskulana  Valley  from  which 
ore  has  been  dipped.  For  a  number  of  years  the  mining  on  this 
creek  has  been  centered  in  the  Valdez  claim.  The  copi>er  minerals 
occur  along  a  well-defined  fault  which  strikes  N.  ^°  W.  and  dips 
80°  E.  The  conunon  minerals  are  bomite,  chalcopyrite,  and  pyrite. 
In  places  the  copper  minerals  are  accompanied  by  a  gangue  of  calcite. 
Movement  has  taken  place  along  the  fault  since  the  ore  was  deposited, 
so  that  in  places  both  sides  of  the  ore  body  are  bounded  by  fault 
planes.  The  best  ore  so  far  encountered  was  at  the  surface  and  con- 
sisted of  bomite  and  chalcopyrite  in  calcite.  It  was  mined  out  and 
shipped  to  the  smelter.  As  the  deposits  were  followed  downward 
the  bomite  diminished  and  the  copper  content  became  smaller,  and 
along  with  this  change  pyrite  appeared. 

The  development  work  now  includes  drifts  at  the  36-foot,  the  50- 
foot,  the  105-foot,  and  the  160-foot  levels.  The  main  or  160-foot 
level,  called  also  the  Lucky  Boy  tunnel,  opens  to  the  surface.  A 
^aft  140  feet  deep  was  sunk  in  the  main  level  and  a  crosscut  to  the 
north  was  started  from  the  bottom.  This  crosscut  had  been  driven 
60  feet  at  the  time  of  visit  in  August  and  was  advanced  considerably 
before  the  summer  ended. 

The  Finch  group,  on  the  mountain  point  between  the  forks  of 
Kuskulana  Glacier,  belongs  to  the  Alaska  United  Exploration  Co.  It 
includes  10  claims  on  which  8  abort  tunnels  were  driven  and  numer- 
ous open  cuts  were  made.  The  copper  minerals,  which  are  chiefly 
bprni^e  and  chal<;ocite,  are  found  along  a  shear  201)9  tending  approx- 
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imately  northeast.  Most  of  the  prospecting  has  been  done  along  this 
shear  zone,  A  large  disk-shaped  mass  of  ore,  a  mixture  of  granular 
chalcocite,  bomite,  and  quartz,  is  exposed  near  the  highest  tunnels, 
about  1,300  feet  above  the  forks  of  the  glacier.  Its  peculiar  granular 
teztare  distinguishes  it  from  any  other  ore  in  Chitina  Valley  known 
to  the  writ«r.  It  seems  to  be  faulted  off  from  a  larger  ore  body,  but 
the  development  work  has  not  yet  revealed  the  extension  of  the  vein. 
Approximately  350  feet  of  tunnel  has  been  driven  on  the  Finch 
group. 

The  McConnell' Johnson  or  Mayflower  claims  are  on  the  east  side 
of  Kuaknlana  Glacier,  about  2J  miles  above  its  lower  end-  The  prin- 
cipal copper  showing  is  about  1,000  feet  above  the  glacier,  on  the 
east  Bide  of  a  deep  gulch.  The  country  rock  is  greenstone  and  is 
cut  by  a  fault  which  strikes  N.  60°  E.  and  dips  75°  N.  Other  faults 
and  nnmerous  fissures  and  joint  planes  are  present,  but  the  fault 
mentioned  is  the  most  prominent  and  is  clearly  defined  by  a  steep, 
narrow  gulch  which  follows  it  and  was  caused  by  it.  Bomite,  accom- 
panied by  quartz  and  epidote  in  variable  quantity,  is  deposited  along 
the  main  fault  and  in  some  of  the  minor  faults,  particularly  near  the 
intersection  with  a  north-south  fault.  A  few  small,  isolated  lenses  of 
bomite  were  also  noticed  in  the  greenstone  away  from  the  main  fault. 
No  physical  connection  between  them  and  the  fault  was  seen. 

The  development  work  includes  several  open  cuts  along  the  gulch, 
especially  at  the  place  where  the  ore  is  best  exposed,  and  a  tunnel 
on  the  east  sid«  of  the  gulch  75  feet  long  and  200  feet  lower  than  the 
principal  showing  of  ore. 

The  Pierson  claims  are  near  the  lower  end  of  Kuskulana  Glacier 
and  on  the  east  side  of  the  river,  about  600  feet  above  the  river  level. 
Mineralization  took  place  along  the  contnct  of  the  Chitistone  lime- 
Bt(me  and  a  small  dike  or  sill  that  lies  between  the  limestone  and 
the  greenstone.  The  contact  is  a  fault  contact.  A  little  copper  stain- 
ing is  present,  but  free  gold  is  reported  by  the  owners  and  is  regarded 
by  than  with  grsitcr  favor  than  the  copper.  A  short  tunnel  driven 
along  the  contact  was  caved  at  the  time  of  visit  and  could  not  be 
examined. 

The  property  of  the  London  &  Cape  Co.  includes  14  claims  on  the 
tidge  southwest  of  Trail  Creek.  These  claims  were  patented  a  num- 
ber of  years  ago  and  no  work  has  been  done  on  them  since  the  pat- 
ents were  issued.  Copper  stains  are  seen  along  fracture  planes  that 
cut  the  quBTtz-diorite  country  rock  on  the  top  of  the  ridge.  A  little 
work  was  done  on  the  ridge,  but  more  is  represented  by  a  tunnel  on 
the  Trail  Creek  side  of  the  ridge,  between  2,000  and  8,000  feet  above 
iho  month  of  the  creek.  This  tunnel  was  closed  when  visit«d,  but 
is  reported  to  be  245  feet  long.  It  was  begun  to  test  the  dovmward 
continuation  of  ore-bearing  fractures  on  the  ridge,  but  was  not  con- 


160  UINEB&L  BE80UBCES  OF  AI^SKA,  Vm. 

tinued  after  the  patents  were  obtained  and  is  said  to  have  no  show- 
ing of  copper. 

The  Barus  group  was  formerly  part  of  the  holdings  of  the  Alaska 
Consolidated  Copper  Co.,  which  dropped  it  in  1915,  and  it  was  re- 
staked  in  1916  by  others.  It  is  on  the  southeast  side  of  Kuskulana 
Kiver  nearly  2  miles  below  Trail  Creek.  A  tunnel  483  feet  long  and 
about  1,200  feet  above  the  Kuskula  was  driven  in  a  much  faulted 
and  metamorphosed  mass  of  limestone  and  igneous  rocks,  including 
quartz  diorite,  homblende-augite  porphyry,  and  possibly  greenstone. 
Some  of  the  limestone  is  altered  to  highly  gametiferous  metamor- 
phic  rock  and  some  is  silicified.  A  large  quantity  of  magnetite  in 
veins  and  irregularly  shaped  masses  was  introduced  during  t^e 
procees  of  metamorphism.  The  ore  body  consists  of  pyrite  and 
chalcopyrite  or  copper-bearing  pyrite.  Above  the  tunnel,  as  far  as 
the  base  of  the  massive  Jurassic  conglomerate,  the  country  rock  is 
stained  with  iron  and  copper.  The  claims  of  the  Rarus  group  in- 
clude part  of  an  area  of  contact-metamorphic  rocks  that  extends 
northeast  and  southwest  from  the  Barus  tunnel  and  that  presents 
geologic  conditions  decidedly  different  from  those  at  any  of  the  lo- 
calities so  far  described. 

Northeast  of  the  Earus  group  is  a  group  called  the  War  Eagle,  be- 
longing to  Angus  MacDougaU.  A  large  quantity  of  magnetite  is 
exposed  on  the  claims  nearest  the  Rarus  roup  and  is  the  principal 
metallic  mineral  to  be  seen,  although  the  rocks  contain  also  pyrite 
end  chalcopyrite.  The  development  work  done  on  these  claims  con- 
sists of  open  cuts. 

Southwest  of  the  Rarus  and  adjoining  it  are  the  Berg  claims,  be- 
longing to  the  North  Midas  Copper  Co.  The  geologic  conditions 
here  are  similar  to  those  at  the  Rarus  group.  The  rocks  include 
altered  limestone,  greenstone,  and  intruded  light-colored  diorite  por- 
phyry. They  are  extremely  altered  and  are  much  faulted.  The  rocks 
carry  magnetite,  pyrite,  and  chalcopyrite,  but  these  minerals  do  not 
occur  together  in  all  the  prospects. 

Four  tunnels  have  been  started  on  the  property,  three  of  which 
were  driven  prior  to  1916  and  have  a  combined  length  of  nearly 
1,150  feet.  The  fourth  tunnel  was  in  progress  in  1916,  ukd  at  the 
time  of  visit  in  August  was  80  feet  long,  but  since  that  time  has  been 
extended.  Tunnel  No.  4  surprised  the  owners  by  yielding  high 
values  in  gold,  so  that  the  work  in  this  tunnel  was  continued  with 
the  idea  of  developing  a  gold  rather  than  a  copper  mine. 

CHOKOSNA  BITEB. 

Only  one  group  of  claims  is  held  in  the  area  between  Kuskulana 
and  I^kina  rivers,  the  Kinney-Golden  property,  on  Golden  Creek, 
a  tributary  of  Chokosna  River.    The  group  consists  of  seven  claims 
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strung  along  the  contact  of  mt«rbedded  TriaaEdc  shale  and  limestone 
with  Carboniferous  (?)  lava  flows.  Two  parallel  faults,  about  600 
feet  apart,  which  strike  east  and  dip  south,  have  brought  Triassic 
shale  into  contact  with  Nikolai  greenstone  and  Chitistone  limestone 
along  one  fault  and  with  much  older  (pr(^blj  Carboniferous) 
greenstone  along  the  other.  The  geologic  conditions  are  represented 
in  figure  2. 

A  tunnel  run  at  an  elevation  of  approximately  4,200  feet  was 
driven  200  feet  through  shale,  Nikolai  greenstone,  and  a  light-colored 
porphTTJitic  dike,  into  Chitistone  limestone.    The  copper  mineral  is 


PlOURa  3. — Section  Bhowlng  seoloilc  stmctnce  OD  Golden  Creek,  o,  Sbale  and  tbln- 
bedded  UmestDue  (Cpper  Trlaaslc)  ;  ft,  maBSlve  llmeEtoue,  CMllatone  (Upper  TrlBBBle)  ; 
0,  altered  laT*.  Qowb,  Nikolai  greenstone  (Triassic?) ;  d,  altered  lava  flows,  probablj 
Carbon  If  erona. 

chalcopyrite  and  is  best  developed  along  the  greenstone-limestone 
contact.  In  the  claims  farther  east  the  limestone  and  greenstone 
disappear,  leaving  the  two  shale  areas  in  contact,  but  copper  is  found 
along  the  southern  fault  contact,  where  several  open  cuts  have  been 
made. 

liAKENA  BIVEB. 

The  property  of  the  so-called  Imkina  Copper  Co.  includes  38  claims 
at  the  head  of  Lakina  River.  Prospecting  has  been  done  on  both 
sides  of  the  river  near  the  lower  end  of  the  glacier,  but  attention  is 
now  given  chiefly  to  one  claim  west  of  the  river.  A  tunnel  is  being 
driven  in  greenstone  at  an  elevation  of  about  2,100  feet  above  the 
bars  of  the  Lakina  at  the  mouth  of  Mill  Creek.    When  the  property 
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was  visited,  in  September,  the  tunnel  had  been  run  to  a  Iraigth  of 
235  feet.  It  follows  a  well-defined  shear  zone  that  strikes  N.  10°  W. 
and  dips  about  70°  W.  The  shear  zone  was  traced  northward  np  the 
mountain  for  nearly  1,000  feet  verticallj  and  apparently  continues 
to  the  limestone  on  top  of  the  mountain.  It  is  exposed  in  open  cuts 
and  is  marked  by  a  leaching  of  the  greenstone,  caused  by  circulating 
waters.  The  ore  in  the  tunnel,  as  exemplified  by  a  band  specimen, 
seems  to  he  all  chalcocite  but  probably  includes  also  bomite.  Its 
gangue  at  some  places  consists  of  veins  of  coarse  gray  calcite,  the 
largest  8  inches  thick.  At  other  places  the  chalcocite  is  accompanied 
by  no  gangue  but  occurs  as  veins  in  the  greenstone  or  as  grains  dis- 
seminated through  it.  Most  of  the  chalcocite,  however,  is  found  in 
veins  along  fracture  planes.  In  the  open  cuts  above  the  tunnel  the 
copper  mineral  is  bomite  unaccompanied  by  chalcocite  and  in  places 
is  considerably  oxidized.  Several  tons  of  ore  was  piled  on  the  dumps 
awaiting  ^ipment  when  the  snow  came. 

The  development  work  includes  the  tunnel  and  open  cuts  already 
mentioned  and  an  excellent  sled  road  leading  from  the  Lakina  at  the 
mouth  of  Mill  Creek  to  the  tunnel.  A.  wagon  road  follows  Lakina 
River  from  Mill  Creek  to  Long  Lake  on  the  Copper  Biver  &  North- 
western Railway.  This  wagon  road  crosses  the  river  by  fords  at 
several  places  and  is  not  used  at  times  of  high  water. 

The  property  also  includes  several  claims  along  the  west  side  of 
Lakina  River,  where  native  copper  occurs  in  greenstone  in  small 
veins,  grains,  and  irregular  bodies.  Several  small  streaois  coming 
down  from  the  mountain  have  cut  deep  gulches  that  lay  bare  the 
rock  and  expose  the  copper,  which  is  scattered  over  the  surface  of 
the  rock.    No  effort  is  now  being  made  to  exploit  this  copper. 

Iq  addition  to  mining  claims  the  company  holds  a  mill  site  on  Mill 
Creek,  where  power  for  mining  can  be  obtained  with  no  great  diffi- 
culty and  in  quantity  sufficient  for  all  needs. 

KEmncOTI  VAIXET. 

A  group  of  claims  on  Hidden  Creek  has  been  held  for  many  years 
by  the  Tjosevig  Bros.  This  property  has  recently  changed  owner- 
ship and  is  now  being  developed  by  the  Josevig-Kennieott  Cor- 
poration. The  claims  are  on  the  south  side  of  Hidden  Creek  along 
the  contact  of  the  Nikolai  greenstone  and  Chitistone  limestone.  The 
chief  copper  mineral  is  bomite  in  stringers  and  irregularly  shaped 
masses  in  greenstone.  One  of  the  chief  obstacles  to  the  development 
of  this  property  has  been  the  difficulty  of  transporting  the  ore  to  the 
railroad.  Hidden  Creek  flows  through  a  narrow  valley  that  is  shut 
in  by  precipitous  walls  and  dammed  across  its  mouth  by  Kennicott 
Glacier,  which  forms  a  lake  that  breaks  out  periodically  when  so 
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much  water  has  accumulated  that  the  ice  can  no  longer  withstand 
its  pressure.  A  flood  of  this  kind  in  1916  did  much  damage  to  the 
railroad  at  McCarthy.  Mining  supplies  have  been  carried  along  the 
lateral  moraine  of  the  glacier  and  finally  over  the  glacier  itself  to  the 
northeast  side  of  Hidden  Creek,  and  any  ore  that  may  be  shipped 
now  must  be  hauled  over  the  glacier  in  winter.  The  new  company 
proposes  to  build  a  tram  over  the  mountain  south  of  Hidden  Cree^ 
and  down  along  the  Kennicott  Glacier. 

Eleven  copper  claims  at  the  head  of  the  north  branch  of  Fourth 
of  July  Creek  are  owned  by  Woodin  &  Herman.  The  copper 
deposits  are  in  the  greenstone  just  below  the  base  of  the  massive 
limestone  that  caps  the  mountains  at  the  head  of  the  stream.  They 
are  made  up  of  bomite  and  chalcopyrite,  and  are  typical  of  the 
greenstone  deposits  generally.  Ore  was  being  sacked  at  the  mine 
in  September  in  the  espectation  of  hauling  it  by  sleds  over  Foiirth  of 
July  Pass  and  down  Lakina  River  to  Long  Lake  for  shipment  on  the 
railroad. 

A  small  area  of  coal-bearing  rocte  near  this  copper  property  has 
been  known  for  many  years.  Its  extent  has  not  been  determined, 
but  claims  have  been  staked  on  it  and  the  coal  may  be  valuable  for 
local  use  if  the  copper  deposits  at  the  head  of  Fourth  of  July  Creek 
prove  to  be  extensive. 

A  group  of  claims  on  the  point  of  mountains  between  the  forks 
of  Kennicott  Glacier  is  held  by  the  Gh-eat  Northern  Development 
Co.  The  south  end  of  the  point  is  made  of  Kikolai  greenstone, 
which  is  overlain  by  beds  of  massive  Chitistone  limestone  dipping 
about  30°  N.  Development  and  assessment  work  has  been  done 
for  a  number  of  years  on  claims  along  the  contact  A  promising 
body  of  ore  was  struck  in  the  sununer  of  1916,  and  a  contract  was 
let  in  September  for  driving  a  tunnel  during  the  coming  winter  to 
explore  the  ore  further.  The  tunnel  is  high  on  the  mountain,  over 
2,000  feet  above  the  glacier,  and  is  reached  by  a  long  trail  from 
the  south  end  of  the  low  hills  at  the  glacier  forks.  Supplies  for  use 
on  this  property  are  brought  to  a  point  on  the  east  side  of  Kennicott 
Glacier  about  8  miles  above  Kennicott  and  are  sledded  or  packed 
across  the  glacier.  Good  traveling  is  found  on  the  glacier  and  a 
crossing  can  be  made  at  almost  any  time,  for  the  ice  is  smooth  and 
without  bad  CTacks, 

KBKNXCOTT  VaXTES. 

The  Kennecott-Bonanza  mine  shipped  its  first  ore  early  in  1911. 
Since  then  the  Jumbo  nKthe  has  been  opened,  and  exploratory  work 
has  been  started  on  the  Erie  claim.  These  properties  aU  Ue  within 
8  miles  of  one  another,  along  the  contact  of  the  Nikolai  greenstone 
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with  the  Chitistone  limestone  (PL  XI)  on  the  east  side  of  Kennicott 
Glacier.    They  belong  to  the  Kennecott  Copper  Corporation. 

During  the  five  years  since  1911  a  large  quantity  of  high-grade 
copper  ore  has  been  shipped  to  the  inciter  from  the  Bonanza  and 
Jumbo  mines,  and  the  mines  themselves  have  been  opened  so  as  to 
expose  the  copper  deposits  and  ^ve  a  much  more  accurate  idea  of 
their  extent  and  character  than  could  be  gained  at  the  time  when 
they  were  examined  t^  Capps  and  the  writer.^  For  this  reason  it 
seems  desirable  to  describe  these  deposits  more  fully  than  the  other 
deposits  in  the  district,  especially  as  such  a  description  may  be 
helpful  to  anyone  who  may  be  studying  other  copper  deposits  in  the 
limestone.  The  writer  acknowledges  his  indebtedness  to  those  in 
charge  of  the  mines  for  placing  at  his  disposal  every  means  for 
studying  the  copper  deposits  and  in  particular  to  Mr.  H.  D.  Smith, 
Mr.  E.  T.  Stannard,  and  Mr.  A.  M.  Bateman  for  a  great  deal  of 
information  which  a  geologist  who  has  not  been  closely  associated 
with  the  work  of  exploration  can  not  get  readily,  if  at  all.  Although 
he  had  every  facility  for  studying  the  ore  deposits,  the  writer  did 
not  find  it  possible  in  the  few  days  that  were  available  for  his  work 
to  do  more  than  make  a  quick  examination  of  the  mine  workings. 

SEMNECOrr-BONANZA  MINE. 

The  Bonanza  mine  is  in  the  mountains  between  Kennicott  Glacier 
and  McCarthy  Creek,  at  an  elevation  of  6,000  feet  (PL  XI).  The 
Jombo  mine  is  nearly  a  mile  northwest  of  the  Bonanza  and  a  few 
hundred  feet  lower.  The  main  tunnel  of  the  Erie  is  1}  miles  still 
farther  northwest,  at  an  elevation  of  4,325  feet  and  within  half  a  mile 
of  the  Kennicott  Glacier. 

The  copper  deposits  of  the  Bonanza,  the  Jumbo,  and  the  Erie  re- 
semble one  another  in  the  character  of  the  ores  and  in  the  fact  that 
they  occur  in  the  limestone  only  a  short  distance  above  the  green- 
stone. It  is  therefore  probable  that  they  were  formed  at  the  same 
time  and  under  the  same  conditions. 

The  Bonanza  mine  is  on  a  sharp  ridge  that  separates  the  heads  of 
Bonanza  and  National  creeks,  tributaries  of  Kennicott  Glaciet.  The 
head  of  National  Creek  valley  is  a  glacial  cirque;  that  of  Bonanza 
Creek  is  also  a  cirque  with  a  precipitous  wall  on  the  east,  next  to 
the  mine.  This  cirque  is  still  occupied  by  a  small  glacier.  The 
ridge  trends  N.  80°  E.  From  the  mine  the  ridge  rises  Erteeply  north- 
ward to  the  divide  between  Bonanza  and  National  cree^  and  the 
basin  of  McCarthy  Creek,  but  extends  ^uthward  without  much 
variation  in  elevation  for  half  a  mile  and  then  drops  off  steeply 
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toward  Kennicott  Glacier.  A  trail  up  National  Creek  leads  to  the 
mine. 

The  geologic  features  are  simple.  On  the  south  is  the  Nikolai 
greenstone  (Triassic  i),  s.  succession  of  ancient  lava  flows  at  least 
5,000  feet  thick.  It  is  overlain  by  the  massive  Chitistone  limestone 
(Upper  Triassic),  but  is  separated  from  it  by  a  thin  bed  of  shale, 
which  has  a  maximum  tiiickness  of  only  4  feet  and  is  easily  over- 
looked except  in  favorable  exposures,  because  the  base  of  the  lime- 
-  stone  is  commonly  covered  by  debris  from  the  cliffs  above.  A  typi- 
cal profile  across  the  limestone-greenstone  boundary  shows  steep 
cliffs  of  limestone  above  a  moderate  slope  in  the  greenstone,  although 
at  many  places  the  greenstone  is  hidden  by  loose  material,  or  "  slide 
rock,"  as  the  prospectors  usually  call  it. 

The  limestone  between  Kennicott  Glacier  and  McCarthy  Creek  has 
a  northweet^'ly  strike  and,  in  the  vicinity  of  Bonanza  mine,  dips 
about  22"  VE.  It  is  cut  by  numerous  faults  and  fractures,  some  of 
which  had  a  most  important  influence  in  directing  the  coarse  of  cir- 
culating watei^  and  controlling  the  deposition  of  copper  minerals. 
The  faults  comprise,  among  others,  the  two  systems  that  had  most  to 
do  with  the  formation  of  the  deposits.  One  system  is  distinguished 
by  fractures  with  steep  dips  and  with  approximately  northeast 
strikes;  the  other  by  fractures  with  practically  the  same  strike  and 
dip  as  the  limestone  beds.  Both  fault  systems  probably  originated 
at  about  the  same  time.  They  are  intersected  by  steeply  dipping 
cross  faults,  either  of  the  same  age  as  the  major  faults  or  possibly 
older,  along  which  the  copper-bearing  solutions  spread  out  for  a 
short  distance  from  the  main  fractures.  They  are  also  crossed  by 
fractures  that  originated  after  the  ore  vas  deposited. 

The  ore-bearing  faults  and  fissures  of  greatest  importance  among 
those  just  mentioned  belong  to  a  zone  of  fracture  and  faulting  that 
extends  N.  30°  E.  This  zone  is  made  up  of  steeply  dipping  faults 
and  fractures  that  strike  N.  SC-TO"  E.  and  that,  together  with  the 
bedding-plane  faults,  were  moet  effective  in  directing  the  flow  of 
mineral-.bearing  waters. 

The  bedding  plane  or  "flat"  faults  indicate  movement  of  one 
limestone  bed  on  another  or  movement  along  a  plane  parallel  or  ap- 
proximately parallel  to  the  planes  of  bedding.  Such  movement, 
however,  was  not  restricted  to  planes  of  bedding,  for  in  places  the 
"  flat "  faults  are  slightly  wavy  and  cross  limestone  beds  at  a  slight 
angle  to  their  bedding  planes.  Bedding-plane  faults  occur  in  the 
lower  part  of  the  Chitistone  limestone  at  many  places  throughout 
Chitina  Valley,  and  at  least  fonr  are  recognized  in  the  Bonanza 
mine.  The  contact  of  limestone  and  greenstone  in  particular  was 
a  place  of  movement,  which  was  facilitated,  no  doubt,  by  the  thin 
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bed  of  shale  at  that  place.    Evidences  of  such  movement  are  found  in 
the  shale  bed  at  Bonanza  mine. 

Two  principal  cross  faults  are  seen  in  the  Bonanza  mine,  the  Mam- 
moth, which  strips  N.  52"  W.  and  dips  70°  N.,  and  the  Azure,  which 
strikes  N.  62°  W.,  dips  high  north,  and  is  in  reality  a  shear  zone 
about  100  feet  wide,  made  up  of  minor  nearly  parallel  faults.  The 
Mammoth  fault  produced  a  displacement  of  less  than  20  feet  in  the 
limestone  beds  and  is  older  than  the  ore.  (See  p.  167.)  The  Azure 
fault  is  a  normal  fault  that  caused  very  little  displacement  Move- 
ment has  taken  place  along  this  fault  since  the  ore  was  deposited, 
but  the  faulting  may  have  begun  earlier.  Much  of  the  limestone 
along  the  fault  z<«Le  is  crushed.  The  direction  of  latest  movement  in 
the  Azure  fault  is  indicated  on  slickensided  surfaces  by  striae  that 
dip  70°  W. 

Although  the  Mammoth  and  Azure  faults  are  the  most  conspicuous 
of  the  cross  faults  in  the  Bonanza  mine,  many  other  cross  faults 
having  the  same  general  strike  cut  the  principal  ore-bearing  fissures. 
Some  of  them  are  manifestly  later  than  the  ore,  for  they  offset  it. 
Some  of  them  carry  small  quantities  of  ore,  as  may  be  seen  on  the 
400,  500,  and  600-foot  levels.  It  appears  not  improbable  that  cross 
faults  were  produced  when  the  principal  shear  zone  was  formed  and 
that  movement  took  place  along  some  of  the  faults  of  both  sets  after 
the  ore  was  deposited. 

It  is  difficult  to  make  more  than  qualitative  statements  in  regard  to 
the  displacements  produced  by  faulting  except  as  to  a  few  of  them. 
The  Twtical  di^lacement  along  steeply  dipping  faults  is  slight. 
Some  of  the  movement,  particularly  along  faults  that  run  north 
and  south,  was  nearly  horizontal,  or  parallel  to  the  direction  of  ihe 
present  dip.  The  displacement  in  this  direction  is  small  but  greater 
than  that  in  the  direction  perpendicular  to  the  bedding  planes.  Dis- 
placement along  the  bedding  planes  is  difficult  to  measure  because 
reference  points  are  lacking,  bat  in  some  places  not  far  distant 
from  Bonanza  and  Jnmbo  mines  it  is  conaderable,  amounting  to 
hundreds  of  feet 

Close  examination  of  the  rocks  adjacent  to  the  contact  between  the 
Chitistone  limestone  and  the  Nikolai  greenstone  at  the  Bonanza  mine 
disclosed  the  following  section: 

Section  a  I  Bonanza  mine. 

Limestone,  maKDeslan,  granular,  ore-bearing. 
Fault;  Id  places  forma  contact  between  mngnealnn  arul  aon- 
magneslan  limestone.  Feet 

Limestone,  dart  groy,  noomagneaian 50-60 

Limestone.  alUeeoiis,  nrntalnliig  a  little  pyrite 20 

Shale,  red  or  green 4 

Greenstone,  amygdaloldat  (Nikolai). 
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The  first  large  ore  bodies  found  were  in  the  magnesian  limestone, 
so  that  at  one  time  it  was  supposed  that  this  rock  had  controlled 
ore  deposition,  and  exploratory  work  was  conducted  accordingly. 
As  the  work  proceeded,  however,  this  supposition  had  to  be  given  up, 
for  ore  was  found  in  both  the  magnesian  and  the  uonmagnesian 
limestone.  At  some  places  a  fault  approximately  parallel  to  the  bed- 
ding planes  separate  the  magnesian  and  nonmagnesian  limestones, 
but  at  others  the  contact  of  the  two  is  defined  neither  by  a  fault  nor 
by  a  bedding  plane  but  crosses  the  bedding  planes  irregularly. 

The  list  of  copper  minerals  in  the  ores  of  the  Kennecott-Bonanza, 
formerly  thought  to  include  only  chalcocite,  covelHte,  and  copper 
carbonatee,  has  been  extended  as  underground  work  proceeded  and 
now  includes  chalcocite,  covellite,  azurite,  malachite,  enargite,  bom- 
ite,  chalcopyrite,  bluestone  or  chalcanthite,  and  possibly  other 
minerals.  The  ore  is  dominantly  chalcocite.  Covellite,  like  azurite 
and  malachite,  is  common  and,  at  least  in  some  places,  seems  to  be 
a  product  of  tiie  alteration  of  chalcocite.  It  forms  veinlets  that 
cut  the  chalcocite  and  it  coats  with  tiny  crystals  the  surfaces  of  open 
spaces  in  Uie  chalcocite.  Enargite  is  rare  but  is  found  in  the  150- 
foot  and  SOO-foot  levels.  Bomite  is  found  throughout  the  mine  and 
chalcopyrite  in  the  lower  levels,  though  it  is  uncommon. 

The  ore  occurs  as  great  tabular  replacements  of  limestone  along 
"vertical"  faults,  as  tabular  replacements  along  "flat"  faults,  as 
irregular-shaped  masses,  as  networks  in  brecciated  limestone  veined 
with  calcite,  and  as  veins  that  have  replaced  limestone  along  bedding 
planes  and  that  are  in  places  only  a  few  inches  apart. 

The  great  ore  bodies  belong  primarily  to  the  "  vertical "  fault  sys- 
tem and  have  been  found  at  the  intersection  of  the  "  vertical "  with 
the  "fiat"  faults.  They  lie  above  the  "flat"  fault  and  terminate 
sharply  against  the  underlying  limestone,  yet  copper  ore  is  found 
along  "  vertical "  fissures  below  the  "  flat "  faults  at  some  places,  as 
in  the  "little  Bonanza"  open  cut  at  the  south  end  of  the  ore  body. 
The  *'  little  Bonanza  "  is  a  mass  of  chalcocite,  covellite,  copper  car- 
bonates, and  chalcantbite  in  "vertical"  fissures  of  the  main  fault 
system,  which  lies  on  the  west  side  of  the  ridge  and  extends  down  to 
the  shale.  It  was  not  exposed  to  view  until  the  talus  material  had 
been  cleared  away. 

The  largest  ore  bodies  so  far  uncovered  were  found  at  the  south 
end  of  the  mine.  They  followed  fissures  striking  N.  50''-70°  E.  and 
were  adjoined  on  the  north  by  aoaller  bodies  striking  about  N'.  30°  E. 
The  formation  of  the  larger  deposits  was  much  influenced  by  the 
Mammoth  fault,  for,  although  the  limestone  beds  were  not  greatly  dis- 
placed by  the  fault,  the  copper-bearing  solutions  spread  out  along  it 
and  produced  local  enlargements  of  the  ore  bodies.  South  of  the 
fault  the  ore  reached  a  width  of  about  80  feet,  but  a  short  distance 
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north  of  it  the  width  was  much  reduced.  The  Mammoth  fault  ap- 
pears only  in  the  upper  levels,  for  it  crosses  the  south  end  of  the  ore 
body  and  reaches  the  northeastward  dipping  surface  of  the  green- 
stone between  the  200  and  300  foot  levels. 

The  "  vertical "  bodies  of  the  higher  levels  had  a  high  westeriy 
dip,  which  increased  in  ateepnesa  as  the  ore  was  foUowed  in  depth 
toward  the  northeast!  Ore  was  mined  in  the  main  fissure  system 
to  a  width  of  S5  feet. 
The  ore  is  cut  by 
faults  that  show  little 
displacement,  at  least 
not  much  is  Bhown  by 
the  steeply  dipping 
faults.  The  Azure 
fault  is  over  800  feet 
northeast  of  the  Mam- 
moth fault  It  ap- 
pears in  the  300  to 
600  foot  levels  and 
meets  the  greenstone 
betwewi  the  600  and 
700  foot  levels.  Move- 
ment took  place  in 
it  after  the  ore  was 
formed.  Three  other 
principal  "  vertical " 
north-south  faults  off- 
set the  ore  bodies,  as 

' 1         is  evident  at  the  sur- 

dliplacement  o(  ore  bodr  face  and  in  the  100- 
i«rt  Of  KewecH-  f^^  ^^^^  ^f  jhe  mine. 
Such  faulting  as  that 
indicated  in  figure  3,  however,  apparently  took  place  before  the  ore 
was  deposited  and  offset  the  two  earlier  faults,  which  the  ore-bearing 
solutions  followed  later. 

The  north-south  fault  caused  displacement  chiefly  in  a  horizontal 
direction.  One  of  the  striking  features  of  the  ore  deposits  is  the 
sharpness  with  which  they  are  limited  by  some  of  the  fault  planes. 
In  many  places  a  thin  gouge,  scarcely  thicker  than  a  sheet  of  paper, 
has  be^n  sufficient  to  prevent  the  solutions  from  reaching  tho  lime- 
stone on  one  side  of  the  fracture  while  that  on  the  other  was  being 
entirely  replaced.  The  gouge  along  the  fault  planes  is  locally  highly 
colored  with  iron  oxide. 

The  exposures  at  the  surface  of  the  Bonanza  mine  show  no  more 
oxidized  ore  than  those  in  some  of  the  lower  levels.    Oxidized  ore 


FiorxB  S.~Sketch  showli 
aloDC  M,  Tertleal  lanlt, 
Boiuuiui  mine.     Froia  miDe  map. 


,.  Google 


MINING  IN   THE  LOWEE  COPPER  BIVEB  BASIN.  169 

ccHitinues  to  the  lowest  (700-foot)  level  and  is  evidently  most  abun- 
dant where  the  ore  was  faulted  and  crushed  and  where  water  could 
therefore  circulate  freely.  Oxidation  is  at  some  places  confined  to  one 
side  of  a  tight  fault.  Locally  the  chalcocite  is  brecciated  and  much 
oxidized,  showing  kernels  of  original  chalcocite  in  oxidized  ore. 
The  Bonanza  is  at  present  a  dry  mine. 

The  mine  workings  have  now  reached  the  700-foot  level.  The 
main  or  adit  level  is  the  150- foot  level.  From  the  adit  level  an  incline 
runs  nearly  parallel  to  the  contact  of  limestone  and  greenstone  and 
descends  to  the  600-fDot  level.  From  the  incline,  in  turn,  levels  are 
driven  off  northeastward  into  the  ore  body.  A  winze  has  been  driven 
from  the  600-foot  level  to  the  700-foot  level.  The  300-foot  level  con- 
nects by  a  ^ort  raise  with  the  McCarthy  Creek  side  of  the  ridge. 
Much  high-grade  ore,  including  most  of  that  exposed  originally  at 
the  surfa(»,  has  been  mined  above  the  adit  level,  through  which  it  has 
beem  drawn  off.  In  this  mine  thorough  exploration  is  necessary  to 
trace  the  ore ;  all  small  veins  and  stringers  must  be  closely  followed, 
for  many  of  them  develop  into  valuable  bodies  of  ore  within  short 
distances. 

JUHBO  MINE. 

The  copper  deposits  of  the  Jumbo  mine  resemble  in  most  respects 
those  of  the  B<manza.  The  mine  is  in  the  Chitistone  limestone,  near 
the  head  of  Jumbo  Creek,  just  above  the  contact  of  the  Chitistone 
with  the  underlying  greenstone.  Jumbo  Creek  originates  in  a  small 
glacier  on  the  west  side  of  Bonanza  Peak  and  Hows  southwestward 
to  Kennicott  Glacier,  which  it  joins  1}  miles  north  of  Kennicott. 
The  glacier  is  confined  on  the  north  and  east  and  for  some  distance 
on  the  south  by  precipitous  cliffs  of  limestone.  The  Jumbo  mine  is 
in  the  north  wall  of  this  cirque,  nearly  half  a  mile  from  the  head 
of  the  glacier.    All  the  mine  buildings  are  set  on  the  glacier. 

The  geology  of  the  mine  is  practically  the  same  as  that  of  the 
Bonanza.  A  stratigraphic  section  shows  greenstone  at  the  base  over- 
lain by  2  feet  of  shale.  Then  come,  in  ascending  order,  about  20 
feet  of  siliceous  limestone  containing  a  little  pyrite,  50  to  60  feet  of 
dark-gray  limestone,  and  finally  granular  magnesian  limestone.  In 
the  adit  or  180-foot  level  of  the  mine  the  limestone  beds  strike 
N.  50"  W.  and  dip  34°  N.  The  dip  is  therefore  a  little  greater  than 
at  the  Bonanza  and  the  strike  is  a  little  more  westerly.  A  short  dis- 
tance east  of  the  entrance  of  the  100-foot  level  of  the  Jumbo  a  light- 
colored  porphyritie  dike  2  feet  thick  intrudes  the  limestone.  It  has 
not  yet  he«i  encountered  underground. 

A  fault  zone  whose  general  course  is  a  little  south  of  northeast 
cats  the  limestone  but  displaces  the  beds  very  slightly.    It  comprises 
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tissures  and  minor  faults  that  range  in  strike  from  X.  60°  E,  to  east 
and  a  few  that  strike  about  N.  30°  E.  This  fault  zone  is  made  up  of 
the  principal  ore-bearing  fissures.  Near  the  outcrop  of  ths  ore  the 
dip  of  these  fissures  is  70°-80°  W.,  but  as  the  fissures  are  followed 
to  the  northeast  the  dips  become  steeper  and  in  some  of  the  faults 
are  southeast. 

The  main  fissure  zone  is  cut  by  cross  faults  that  trend  north- 
northwest  and  by  a  few  that  trend  north.  At  one  locality  the  ore 
is  displaced  1  foot  by  a  fault  that  trends  north  and  at  anotiier  place 
2  feet  by  a  fault  that  trends  north-northwest. 

Of  much  more  importance  than  these  cross  faults  are  the  bedding- 
plane  or  "  fiat "  faults.  In  the  Jumbo  mine,  as  in  the  Bonanza,  the 
bed  of  shale  between  the  limestone  and  the  greenstone  is  evidently 
a  plane  of  movement,  for  wherever  the  shale  is  exposed  it  is  crushed' 
to  a  thick  gouge.  The  fault  along  the  shale  bed  has  apparently  a 
much  less  Edgnificant  relation  to  the  copper  deposits  than  the  fault 
immediately  below  the  rich  ore  bodies.  This  fault  is  about  80  feet 
above  the  greenstone  and  is  in  places  made  up  of  several  closely 
spaced  parallel  faults.  It  does  not  strictly  follow  the  bedding 
planes  but  crosses  the  bedding  at  a  slight  angle,  and  on  the  500-foot 
level  it  strikes  N.  70°  W.  and  dips  85°  N.  It  is  cut  by  all  the 
levels  and  marks  the  bases  of  the  rich  ore  bodiea  Movement  along 
this  fault  plane  after  the  ore  was  deposited  is  indicated  on  the 
180~foot  level  by  a  fault  breccia  containing  a  little  chalcocite.  Al- 
though this  postmineral  movement  has  taken  place,  the  original  dis- 
placement occurred  before  the  ore  was  deposited. 

The  ore  of  Jumbo  mine  is  prevailingly  chalcocite,  hut  includes  a 
subordinate  quantity  of  copper  carbonates,  as  well  as  enargite,  bom- 
ite,  and  chalcopyrite.  In  places  covellite  is  associated  with  the  chal- 
cocite. According  to  Mr.  H.  D.  Smith,  in  charge  of  the  mining, 
if  the  proportion  of  chalcocite  and  carbonates  that  can  be  distin- 
guished by  the  eye  is  estimated  as  98  per  cent,  then  1.9  per  cent  will 
represent  the  covellite  and  0.1  per  cent  the  bomite  and  chalcopyrite. 
This  estimate  is,  of  course,  only  approximate,  but  it  indicates  the 
relative  quantities  of  the  copper  minerals  in  the  ore.  The  ore  from 
the  Jumbo  mine  shows  more  oxidation  than  that  from  the  Bonanza. 
The  carbonate  ore  conmsts  generally  of  malachite  and  azurite,  but 
that  in  certain  stopes  includes  malachite  alone.  Silver  occurs  with 
the  copper  at  the  Jumbo  mine  as  well  as  at  the  Bonanza.  The  pro- 
portion is  slightly  variable  and  ranges  from  14  to  16  ounces  to  the 
ton  of  high-grade  ore.  The  silver  content  of  chalcocite  near  fissures 
is  less  than  that  found  at  a  distance  from  them,  a  fact  demonstrated 
by  careful  assaying.  The  width  of  the  ore-bearing  ground  worked 
is  not  les^  thftn  210  feet,  yet  the  limits  of  the  ore  have  not  yet  been 
reached, 
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In  form  the  ore  bodies  are  like  those  of  the  Bonanza.  The  large 
tabular  masses  of  chalcocite  replace  limestone  along  the  norUi- 
easterly  striking  faults,  but  all  openings  in  the  fractured  limestone 
along  the  fault  zone  were  invaded  by  the  ore-bearing  solutions  so 
that  stockrvorks  and  irregularly  shaped  bodies  are  common. 

Ore  was  deposited  in  great  quantities  at  the  intersection  of  the 
"  vertical "  and  bedding-plane  faults  between  the  400  and  600  foot 
levels.    The  "  vertical "  faults  here  strike  N.  65°  E.  and  dip  steeply 
to  the  northwest.    The  bedding-plane  fault  strikes  N.  72"  W.  and 
dips  34"  N.    The  great  ore  body  was  on  the  southeast  side  of  the 
main  "vertical"  fault  and  lay  for  the  most  part,  but  not  entirely, 
above  the  bedding-plane  fault,  between  it  and  the  magnesian  lime- 
stone.   It    extended 
from  a  point  a  short 
distance  above  the 
600-foot    level    to    a 
point  30  feet  above  the 
400-foot  level.    In  pro- 
jection on  a  horizontal 

plane  it  had  a  length  S^ 

of  400  feet.  At  its 
lower  end  was  an  open 

cave  in  the  limestone,  ,i„ 

partly   below   and  * 

partly  above  the  fault. 
A  horizontal  section 
of  the  ore  bodv  at  the 
500-foot  level  is  shown  ^.  .  .  .9  ^  "» ''•« 

in  ficrure  4.  FirjunE   4. — Horizontal   Becllon  of  the  ore   body   Id   thn 

m  ■  ,  *        jDmbo  miae  on  the  SOO-toot  leveL     From  mine  man, 

This  great  mass  of      ^Hgtuy  moaifled. 
ore     was     practically 

solid  chalcocite,  with  which  was  mixed  an  almost  insignificant  quan- 
tity of  included  limestone,  largely  altered  to  residual  clay.  It  yielded 
50,000  tons  of  copper  ore,  much  of  which  ran  76  per  cent  copper. 
This  massive  body  of  chalcocite  was  at  the  500-foot  level,  bounded 
on  its  lower  side  by  a  bedding  fault,  but  below  this  fault  there 
was  ore  of  lower  grade  which  was  terminated,  6  to  8  feet  lower,  by 
a  second  fault  parallel  to  the  first,  beneath  which  no  ore  was  seen 
except  a  few  tons  at  one  place. 

A  map  of  the  500-foot  level  shows,  in  addition  to  the  ore  body 
just  described,  two  principal  tabular  ore  bodies  along  parallel 
"  vertical "  fractures  extending  northeastward  and  other  irregular- 
shaped  bodies.  On  the  700-foot  level  also  there  were  two  main 
fissure  at  the  northeast  extension  of  the  drifts.  The  sharp,  clean- 
fsut  boundaries  between  limestone  and  chalcocite  and  the  total  abseoc^ 
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of  gangue  minerals  except  calcite  are  striking  features  of  the  ore 
deposits  b<?th  here  and  at  the  Bonanza. 

The  main  adit  of  the  Jumbo  mine  is  the  180-foot  level.  This  level 
penetrates  between  200  and  300  feet  of  greenstone  before  entering 
the  limestone.  From  this  level  an  incline  with  a  slope  of  38°  to  34° 
descends  to  the  700-foot  level,  in  which  a  shaft  is  being  sunk.  The 
incline  was  started  with  the  expectation  that  it  would  penetrate 
barren  ground  away  from  the  ore  bod;,  but  it  encountered  much 
high-grade  ore.  Intermediate  levels  were  driven  to  the  northeast 
from  the  incline  into  the  ore  bodies,  just  as  they  were  at  the  Bonanza. 

ERIE  CLAIM. 

The  Erie  claim  is  a  little  more  than  3^  miles  north  of  Knmicott 
and  less  than  half  a  mile  from  the  glacier.  Three  prospecting  tun- 
nels have  been  started  on  the  claim.  The  principal  tunnel  was 
run  on  the  largest  showing  of  ore,  1,675  feet  above  the  glacier,  at 
an  elevation  of  4,325  feet.  It  is  driven  in  limestone  at  the  contact 
of  the  limestone  and  greenstone.  The  boundary  between  these  forma- 
tions in  this  vicinity  runs  nearly  northwest,  following  the  base  of 
a  limestone  wall  that  rises  above  steep  slopes  in  the  greenstone.  The 
steepness  of  the  slopes  and  the  absence  of  talus  in  many  places  give 
unusual  opportunities  for  examining  the  shale  between  the  limestone 
and  the  greenstone.  The  shale  gives  clear  evidence  of  movement 
along  the  bedding  and  in  places  ^ows  copper  staining.  Another 
tunnel,  on  which  considerable  work  has  been  done,  is  215  feet  lower 
and  a  short  distance  to  the  west.  A  short  tunnel,  on  which  little 
work  has  been  done,  is  about  100  feet  lower  and  still  a  little  farther 
northwest.  All  three  tunnels  are  in  limestone  just  above  the  lime- 
stone-greenstone contact. 

The  geologic  structure  at  the  Erie  mine  differs  from  that  at  the 
Bonanza  and  Jumbo  mines  chiefly  in  the  faulting,  which  has  here 
apparently  been  more  pronounced  and  less  restricted  to  narrow  zones. 
A  number  of  displacements  by  faults  that  cross  the  contact  were 
seen,  and  at  one  place  a  wedge-shaped  mass  of  limestone  uid  green- 
stone had  been  thrust  up  into  the  limestone  nearly  20  feet  without 
disturbing  the  parallelism  of  contact  and  bedding  planes.  A  wide 
area  of  the  limestone  is  cut  by  minor  fractures  in  which  copper 
minerals  were  deposited. 

AU  the  copper  minerals  seen  at  the  Bonanza  and  Jumbo  mines  are 
found  in  the  Erie — chalcocite,  covellite,  enargite,  bomite,  chalcopy- 
rite,  and  carbonates.  The  Erie  ore  so  far  uncovered  is  much  more 
oxidized  than  that  of  the  Bonanza  and  Jumbo  mines. 

The  middle  tunnel  was  started  on  a  vein  of  carbonate  ore  along  an 
east-west  fault  having  a  southerly  dip.    It  was  driven  eastward  for 
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a  short  distance  till  it  encountered  a  small  light-colored  dike  strik- 
ing N.  22°  W.  The  dike  cuts  the  ore  and  was  itself  fractured  and 
slightly  displaced  by  later  movement  along  an  ore-bearing  fault 
which  strikes  N.  35°  E.  and  has  a  steep  easterly  dip.  This  fault  or 
others  approximately  parallel  to  it  was  followed  northward  in  order 
to  reach  the  magnesian  limestone,  then  supposed  to  be  the  copper- 
bearing  rock.  At  400  feet  from  the  mouth  of  the  tunnel  a  cross- 
cut was  driven.  The  fissures  of  the  main  fault  system  carry  cop- 
per minerals,  but  not  in  sufficient  quantity  to  give  much  encour- 
agement for  mining.  They  are  cut  by  eastward-trending  faults, 
some  of  which,  like  that  at  the  mouth  of  the  tunnel,  carry  copper. 
At  least  one  well-defined  bedding  fault  was  encountered.  No  altera- 
tion of  the  limestone  near  the  dike  was  noticed,  and  in  fact  alteration 
near  small  dikes  in  this  district  is  unusual,  although  local  enlarge- 
ments of  the  dikes  have  produced  decided  alteration  of  the  limestone 
in  places  at  the  head  of  Lakina  River. 

About  30  feet  south-southwest  of  the  mouth  of  the  tunnel  is  an  in- 
cline, 40  feet  deep,  sunk  in  limestone  along  the  plane  of  a  fault  that 
brings  greenstone  and  limestone  into  contact  The  fault  strikes  N. 
30°  E.  and  dips  approximately  60°  E.  It  is  a  normal  fault,  for  the 
greenstone  lies  on  its  west  side.  A  small  quantity  of  good  high-grade 
copper  ore  was  taken  from  the  incline. 

'Die  upper,  larger  tunnel  extends  in  general  east-northeast,  the 
principal  direction  of  fissuring,  but  is  somewhat  winding,  for  it  fol- 
lowed the  ore,  which  is  not  confined  to  a  single  fissure  and  is  besides 
hero  offset  by  cross  faults.  Fracturing  is  pronounced  and  the  ore  is 
distributed  irregularly.  Two  cross  faults  have  produced  displace- 
ments of  15  and  20  feet  in  the  main  ore  fissure.  Some  of  the  cross 
faults  carry  copper  minerals  in  small  amount. 

At  the  time  of  visit  this  tunnel  has  been  extended  about  700  feet 
and  two  shafts  had  been  started  in  it  These  shafts  are  steeply  in- 
clined, following  the  plane  of  a  fault  or  faults  that  dip  70"  to  80"  S. 
The  shallower  of  the  shafts,  that  nearer  the  tunnel  month,  is  about 
40  feet  deep  and  shows  a  displacement  of  the  beds  but  has  not  been 
sunk  deep  enough  to  determine  the  amount  of  the  displacement.  The 
second  shaft  is  about  69  feet  deep  and  shows  that  the  beds  on  the 
hanging  wall  side  have  moved  upward,  relatively,  a  distance  of  30 
feet.  A  sublevel  about  200  feet  long  was  being  driven  from  the 
bottom  of  the  deeper  shaft.  It  follows  ore-bearing  fissures,  but  the 
fissures  make  a  slight  angle  with  the  fault  that  displaces  the  lime- 
stone and  greenstone,  and  thus  in  going  eastward  the  tunnel  is  gradu- 
ally separated  from  the  fault  Considerable  high-grade  ore  was  en- 
countered along  the  sublevel. 

The  Erie  ground  has  been  more  shattered  than  that  at  the  Bonanza 
and  Jumbo  mines.  The  displacement  by  faults  is  greater,  and  the 
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migration  of  copper-bearing  solationa  through  the  country  rock  is 
greater,  at  least  on  tiie  surface  exposures. 

North  of  the  camp,  near  and  somewhat  above  the  lower  tunnel,  is 
a  small  gulch  which  is  separated  from  the  camp  by  high  limestone 
cliffs  and  a  email  ridge.  The  southern  side  of  the  gulch  is  a  dip  slope^ 
the  northern  side  a  limestone  scarp  or  wall.  The  surface  of  the  beds 
on  the  south  side  shows  a  network  of  calcite  veinlets  that  have  filled 
fractures  in  the  crushed  limestone.  Associated  with  these  veinlets  of 
calcite  are  veinlets  of  chalcocite,  some  of  them  no  thicker  than  paper, 
in  which  the  chalcocite  has  been  in  large  part  altered  to  azurite.  The 
limestone  is  intruded  by  a  dike  about  2  feet  thick,  which  has  the  same 
dip  as  the  slope  of  the  scarp  on  the  north  side  of  the  gulch  and  in 
places  forms  the  face  of  the  scarp.  The  limestone  is  also  cut  by  north- 
ward-trending vertical  faults,  along  which  it  is  darker  and  much 
harder  or  more  resistant  to  weathering  than  the  unaltered  rock,  so 
that  the  veins  of  calcite  in  the  fault  and  in  the  limestone  adjacent  to 
it  for  a  width  of  a  foot  or  more  stand  out  in  relief.  Several  such 
faults,  from  10  to  20  feet  apart,  were  seen.  They  indicate  slight 
movement  in  the  limestone  and  carry  chalcocite,  mostly  altered  to 
azurite.  Similar  copper  veins  were  seen  in  the  bedding  planes  of  the 
limestone.  The  whole  mass  makes  an  ore  that  may  perhaps  be  mined 
profitably. 

The  Erie  claim  is  equipped  with  an  aerial  tram,  2,700  feet  long,  run 
between  the  lateral  moraine  of  Kennicott  Glacier  and  the  upper 
tunnel.  A  trail  leads  from  the  lower  ^id  of  the  trun  to  Kennicott 
A  quantity  of  high-grade  ore,  mined  from  the  tunnels,  was  ready  for 
shipment  as  soon  as  snow  should  make  sledding  possible. 

Ore  from  the  Bonanza  and  Jnmbo  mines  is  brought  to  the  mill  by 
aerial  trams.  The  tram  to  the  Bonanza  mine  is  2.8  miles  long  and  has 
one  angle  stati(Hi.  That  to  the  Jumbo  mine  is  almost  8  miles  long 
and  leads  directly  from  the  mine  to  the  miU.  These  two  trams  to- 
gether have  a  capacity  of  over  800  tons  daily. 

Most  of  the  ore  shipped  from  Kennicott  is  of  high  grade  and  re- 
quires no  concentration.  Part  of  it,  however,  is  concentrated  in  the 
mill,  the  tailings  from  which  are  treated  in  the  leaching  plant  with 
ammonia,  which  dissolves  out  the  capper  carbonates.  By  this  means 
65  to  72  per  cent  of  their  content  of  copper  is  recovered  from  tailings 
that  carry  from  1.5  to  2  per  cent  of  copper.  The  loss  is  probably  due 
to  the  fact  that  fine  particles  of  chalcocite  are  not  affected  by  the 
anmionia.  Much  experimental  work  has  been  and  is  being  dtme  to 
perfect  the  leaching  plant.  The  difficulties  encountered  have  been 
mechanical  rather  than  chemical,  chief  among  them  being  the  diffi- 
culty of  removing  the  precipitate  from  the  still. 

liie  shipments  of  ore  from  Kennicott  in  August,  1916,  amounted  to 
8,600  tons.   During  Gm  same  month  800  tons  of  ore  was  concentrated 
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in  the  mill  and  80  tons  of  fines  was  treated  in  the  leaching  planL 
It  was  planned  to  run  the  mine  at  full  capacity  through  the  coining 
wintw  and  to  nuJl  about  750  tons  of  ore  a  day.  Full  producticm  has 
not  been  maintained  in  winter  during  preceding  years,  chiefly  because 
of  the  lack  of  water  and  the  difficulty  of  disposing  of  tailings  before 
they  have  frozen. 

KOTHEB  LODE  HUTE. 

For  several  years  the  Mother  Lode  Co.  has  done  development 
work  tm  claims  on  McCarthy  Creek,  northeast  of  the  Kennecott^ 
Bonanza  mine,  and  since  1913  has  made  shipments  of  ore  each 
winter.  The  ore  is  chiefly  chalcocite  but  contains  a  large  proportion 
of  covellite,  azurite,  and  malachite,  derived  by  ozidaUon  from  the 
chalcocite.  It  occurs  along  a  shear  zone  that  cute  the  Chitistone  lime- 
stone  and  strikes  N,  30°  E.  Besides  copper,  the  ore  carries  silver  in 
the  ratio  of  1  ounce  of  silver  to  each  4  per  cent  of  copper. 

The  deposits  so  far  exposed  are  high  above  the  limestone-green- 
stone contact,  and  in  tiiis  respect  differ  from  the  ore  bodies  of  the 
Bcmanza  and  Jumbo  mines,  which  are  near  the  contact.  A  second 
point  of  difference  is  the  much  greater  proportion  of  oxidized  ore 
in  the  Mother  Lode  deposits. 

Kearly  7,000  feet  of  tunnel,  shaft,  and  raise  have  been  driven  in 
the  ore  body  since  the  mine  was  opened,  and  as  a  result  of  the  present 
aea8<Hl's  work  14  carloads  of  ore  were  awaiting  shipment  in  Septem* 
bw  when  the  mine  was  visited.  This  ore  is  hauled  to  the  railroad 
after  McCarthy  Creek  freezes  and  snow  for  sledding  has  fallen. 

The  mine  is  equipped  with  an  aerial  tramway  having  a  length  of 
sli^tly  more  than  5,000  feet  and  a  difference  in  elevation  between  the 
loading  and  landing  stations  of  about  2,500  feet.  Its  capacity  is  300 
tons  a  day.  A  suitable  site  for  the  loading  station  was  not  found  on 
the  solid  rock  and  one  on  the  glacier  was  therefore  chosen.  Al- 
though built  on  an  apparently  insecure  foundation  it  has  given 
satisfaction. 

Plans  are  under  consideration  for  enlarging  and  bettering  the 
equipment.  It  is  proposed  to  build  a  road  down  McCarthy  Creek 
to  connect  the  mine  with  the  railroad  and  to  erect  a  hydroelectric 
plant  and  miU  for  treating  the  ore.  A  site  for  the  power  plant  has 
been  chosen  on  McCarthy  Creek,  2  miles  below  the  landing  station. 
Water  for  milling  ore  can  be  obtained  from  Diamond  Creek,  half  a 
mile  above  the  camp.  About  40  men  were  employed  on  the  property 
in  the  summer  of  1916. 

DAN  CBEEK. 

The  Westover  group  is  on  Boulder  Creek,  a  tributary  of  Dan 
Creek.  It  is  the  property  of  the  Alaska  United  Exploration  Co. 
and  is  one  of  four  groups  on  Boulder  and  Dan  creeks  that  belong 
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to  the  same  compaDj,  which,  although  it  is  not  a  mining  company, 
its  business  being  to  discover  and  sell  prospects,  has  done  consider- 
able development  work  on  Westover  claim  No.  1,  on  Golden  Eagle 
claim  No.  1,  and  on  the  Snow  Bird  groups. 

The  four  Westover  claims  are  on  the  east  side  of  Boulder  Creek, 
2  miles  above  its  mouth.  They  extend  along  the  limestone-green- 
stone contact  and  cover  an  exceedingly  rugged  area.  The  Westover 
tunnel  is  at  the  base  of  a  precipitous  limestone  cliff  a  few  feet  above 
the  greenstone.  It  is  375  feet  above  the  glacier  from  which  Boulder 
Creek  rises  and  3,500  feet  above  Nizina  Eiver. 

The  ore  is  bornite,  chalcocite,  and  chalcopyrit*,  the  bomite  pre- 
dominating. The  work  thus  far  dtme  shows  that  the  ore  is  prac- 
tically confined  to  two  beds  of  limestone  about  11  feet  thick,  which 
lie  a  few  feet  above  the  thin  bed  of  shale  that  separates  the  limestone 
from  the  greenstone. 

The  original  surface  exposure  showed  a  rudely  wedge-shaped  face 
of  ore  35  feet  long  and  about  10  feet  high  at  its  south  end,  where  it 
consisted  of  massive  bomite  and  chalcocite  and  where  it  was  cut  off 
abruptly  from  the  limestone  to  the  south.  The  north  end,  however, 
showed  a  gradation  from  bornite  and  chalcocite  to  silicified  lime- 
stone. Underground  work  has  revealed  two  principal  ore  bodies, 
one  of  which  is  exposed  at  the  surface  and  extends  in,  as  shown  by  the 
tunnel,  for  3d  feet;  the  other  lies  about  35  feet  farther  in  frtan 
the  boundary  of  the  first  body. 

The  copper  minerals  have  replaced  limestone  along  irregularly 
distributed  fissures,  which  in  the  short  time  available  for  study  could 
not  be  correlated  with  any  system  of  faulting.  Good  evidence  for 
faulting  parallel  to  the  bedding,  however,  was  found,  both  along  the 
shale  bed  between  the  limestone  and  greenstone  and  along  bedding 
planes  in  the  limestone.  This  faulting  possibly  accounts  for  the 
fact  that  the  copper  minerals  are  almost  restricted  to  the  two 
beds  of  limestone  already  mentioned,  although  the  exact  way  in 
which  they  could  be  so  restricted  was  not  determined.  However 
this  may  be,  the  ore  is  cut  off  sharply  along  the  bedding  planes. 

The  underground  workings  of  the  Westover,  which,  in  addition 
to  drifts  and  crosscuts,  include  three  raises  and  four  winzes,  measure 
in  all  about  900  feet.  The  winzes  range  in  depth  from  5  to  60  feet. 
One  of  the  raises  was  put  up  73  feet. 

About  100  feet  above  the  Westover  tunnel  is  a  short  tunnel  and 
a  shaft  in  a  zone  of  crushed  limestone  that  trends  northeastward. 
Copper  stains  the  limestone,  but  no  ore  body  had  been  uncovered  at 
the  time  of  visit. 

A  considerable  quantity  of  ore  has  been  mined  at  the  Westover 
and  awaits  shipment.  Some  of  it  was  piled  near  the  mouth  of  the 
tunnel  and  the  rest  was  stored  in  crosscuts  underground.    A  plan  was 
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under  coneideration  for  shipping  the  ore  mined  and  other  ore 
blocked  out,  and  a  proposal  was  made  to  erect  a  small  cable  tram 
between  the  tunnel  and  the  glacier  moraine,  where  the  ore  could  be 
loaded  on  sleds  and  hauled  away  in  winter. 

Exploratory  work  on  tlie  Snow  Bird  group  is  represented  by  two 
short  tunnels  run  in  copper-bearing  greenstone.  This  group  com- 
prises four  claims,  and  is  on  the  west  side  of  Boulder  Creek  valley, 
opposite  the  Westover  tunnel.  The  tunnels  are  a  few  hundred  feet 
below  the  limestone-greenstone  contact,  but  the  claims  extend  to  the 
contact  and  one  overlaps  it.  Chalcocite  is  the  copper  mineral.  It  is 
disseminated  in  small  grains  through  an  irregular-shaped  mass  of 
greenstone  which  has  been  leached  by  circulating  water  and  has 
taken  on  a  lighter  color  than  the  surrounding  country  rock.  Prob- 
ably this  leached  portion  of  the  greenstone  is  in  a  zcme  of  fracture, 
but,  if  so,  the  trend  of  the  zone  was  not  determined ;  neither  was  the 
extent  of  the  mineralized  rock  determined,  for  much  of  the  roCk  sur- 
face is  covered  bj  talus. 

GOLD  LODES  IN  THE  TIEEEL  DISTRICT. 
GEHEBAI.  CONDITIONS. 

The  success  of  the  Cliff  mine  at  Valdez  and  the  discovery  of  many 
smaller  gold-bearing  quartz  veins  in  that  vinicity  in  1910  stimulated 
prospecting  in  the  mountains  along  the  Valdez-Fairbanks  road  and 
led  to  the  finding  of  several  similar  gold-bearing  veins,  most  of  which 
are  in  the  vicinity  of  Tiekel  (PI.  X,p.  156).  None  of  these  veins  have 
yet  proved  to  be  of  value  as  gold  producers,  but  development  work 
has  been  done  on  some  of  them,  which  may  he  regarded  as  promising 
prospects.  Among  such  prospects  are  the  claims  belonging  to  Fred 
Reis,  about  S  miles  south  of  Tiekel  Boad  House ;  the  Portland  group, 
somewhat  nearer  Tiekel  and  high  on  the  mountain  on  the  west  side 
of  the  valley ;  the  two  properties  commonly  known  as  the  Boas  and 
Meckem  properties,  on  Boulder  Creek;  the  Telluride  and  Quail 
groups,  on  Hurtle  Creek;  and  the  property  of  the  Quartz  Creek  Gold 
Mining  Co.,  near  the  head  of  Quartz  Creek.  In  this  connection  also 
the  gold  placers  of  Fall  Creek  may  be  mentioned.  All  these  proper- 
ties except  the  first  two  were  visited  by  the  writer  in  July,  1916. 

The  rocks  in  the  vicinity  of  Tiekel  are  slate  and  graywacke,  which, 
however,  are  locally  so  much  altered  that  the  term  "schist"  describee 
them  better,  particularly  the  slate.  They  are  closely  folded  and  in 
graiersl  strike  a  little  north  of  west.  In  places  the  slate  or  schist  is 
hi^y  siliceous,  consisting  of  alternating  bands  of  quartz  and  slate 
of  the  thickness  of  a  knife  blade.  The  slates  and  graywackes  are  cat 
by  numerous  light-colored  dikes  of  diorite  porphyry  and  contain 
stringers,  laises,  and  well-defined  veins  of  qututz.     Some  of  tiiie 
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quartz  veins  are  metalliferous  and  carry  arsenopyrite,  galena,  and, 
in  places,  free  gold.  They  are  the  veins  that  give  promise  of  becom- 
ing gold  producers. 

The  veins  and  the  dikes  of  diorite  porphyry  were  probably  formed 
at  the  same  time,  although,  so  far  as  the  writer  knows,  the  dikes  are 
not  mineralized.  Some  of  the  small  gold-bearing  veins  and  lenses 
contain  much,  gold,  but,  as  a  rule,  the  deposits  are  too  small  to  make 
profitable  mines.  The  problem  of  the  district  seems  to  be  to  find  a 
vein  lai^  enough  to  mine  or  to  find  small  veins  spaced  closely  enough 
to  pay  for  the  dead  work  that  must  be  done  in  mining  them.  This, 
however,  may  be  said  to  be  the  problem  of  the  prospector  in  most 
districts. 

BOTTXiDEB  CBEEK. 

Boulder  Creek  is  a  western  tributary  of  Tiekel  (Kanata)  River, 
which  it  joins  just  north  of  the  Tiekel  Road  House.  Its  two  branches 
head  in  the  same  group  of  mountains  in  which  the  Valdez  CMacier 
originates,  are  fed  largely  by  melting  snow  and  ice,  and  join  at  a 
point  between  2  and  3  miles  above  its  mouth.  One  of  tiieee  branches 
comes  from  the  south  and  the  other,  the  larger  branch,  from  the 
southwest.  The  vaUey  of  Boulder  Creek  is  a  hanging  valley;  its 
mouth  is  considerably  higher  than  the  floor  of  Tiekel  Valley.  A 
trail  suitable  for  pack  horses  leads  from  Tiekel  Valley  aronnd  the 
canyon  in  which  the  lower  part  of  the  creek  flows,  and  by  a  series 
of  "switchbacks"  gains  the  level  of  the  old  valley  floor,  from  which 
either  branch  of  the  creek  can  be  ascended  without  difficulty. 

The  Ross  property  is  near  the  top  of  the  ridge  that  stands  b^ween 
the  south  fork  of  Boulder  Creek  and  Tiekel  River.  It  is  at  an  eleva- 
tion of  about  4,500  feet  and  is  reached  by  a  steep  trail.  The  gold- 
bearing  vein  is  in  black  siliceous  slate,  very  much  crumpled  and 
sheared.  A  tunnel  about  200  feet  long  has  been  driven  on  the  v^ 
but  was  closed  at  the  time  the  property  was  Yisit«d.  The  vein  is 
made  up  of  quartz,  arsenopyrite,  and  galena,  and  yielded  very  high 
assays  in  gold  but  is  report^  to  be  decidedly  "bunchy." 

Hie  Meckem  property  is  on  the  right  branch  of  Boulder  Cre^, 
between  2  and  3  miles  above  the  forks,  and  is  easily  accessible  from 
the  valley  of  Boulder  Creek.  The  country  rock  is  slate  or  schist  and 
graywacke,  striking  east  and  dipping  south.  It  is  broken  by  joints 
that  strike  N.  20  W.  and  dip  steeply  to  the  weet.  These  joints  are 
parallel  to  a  number  of  quartz  veins  and  to  a  dike  of  diorite  porphyry 
that  is  exposed  about  100  feet  east  of  the  tunnel  by  which  the  prop- 
erty is  being  prospected.  This  tunnel  is  150  feet  above  the  creek 
and  is  about  75  feet  long.  It  is  driven  in  crumpled  slate  and  gray- 
wacke. Above  the  tunnel  are  a  number  of  lenticular  branching  quartz 
veins,  t^e  largest  8  feet  thick  in  its  thickest  part    None  of  them  was 
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traced  on  the  surface  for  more  than  100  feet  Most  of  these  veins 
are  composed  of  white  and  massive  "bull  quartz,"  but  the  smaller 
veins  are  more  or  less  cavernous  and  are  stained  with  iron  oxide. 
Unozidized  parts  of  the  veins  show  arseuopyrite  and  galena. 

QUABXZ  OBBEK. 

Quartz  Creek  is  a  tributary  of  Tonsina  Biver.  It  heads  in  a  low, 
divide  4  miles  from  the  Valdez-Fairbanks  road  and  flows  northwest- 
ward for  10  miles,  joining  Tonsina  Kiver  a  short  distance  below  the 
outlet  of  Tonsina  Lake.  Quartz  Creek  has  two  principal  tribu- 
taries, Bear  Creek  and  Bainbow  Creek.  Bear  Creek,  the  larger  of 
the  two,  enters  it  from  the  south  about  3  miles  above  the  mouth  of 
Quartz  Creek.  Bainbow  Creek  comes  in  from  the  east  a  mile  above 
Bear  Creek.  Nearly  all  of  Quartz  Creek  south  of  Bainbow  Creek  is 
above  timber  line.  A  good  trail,  dry  but  rather  steep,  leads  from  the 
Valdez-Fairbanks  road  at  mile  55  to  a  broad  pELSs  at  the  head  of 
Quartz  Creek. 

The  rocks  exposed  in  the  upper  part  of  Quartz  Creek  valley  are 
slate,  schist,  and  graywacke.  The  schist  is  highly  siliceous  and 
much  crumpled.  Its  principal  exposure  is  in  the  ridge  between  up- 
per Quartz  Creek  and  Hurtle  Creek.  The  higher  parts  of  the  moun- 
tains northeast  of  Quartz  Creek  below  Bainbow  Creek  are  made  up 
of  black  slate,  altered  dioritic  rocks,  and  light  bluish-gray  crystalline 
limestone.  These  rocks  are  probably  older  than  those  that  are  ex- 
posed farther  up  Quartz  Creek  and  are  believed  to  be,  at  least  in 
part,  of  Carboniferous  age. 

Quartz  Creek  was  the  scene  of  considerable  mining  in  1898  and 
1899.  Placer  gold  was  found  in  the  stream  gravels  and  a  small 
settlement  sprang  up  at  the  mouth  of  Bear  Creek^  where  the  old 
cabins  still  stand.  The  gold-bearing  gravels,  however,  were  quickly 
mined  out,  and  the  pnsnise  of  a  new  camp  was  not  realized. 

The  property  of  the  Quartz  Creek  Gold  Mining  Co.  is  about  2 
miles  below  the  head  of  Quartz  Creek  on  the  ridge  between  Quartz 
and  Hurtle  creeks.  It  comprises  37  recorded  claims  and  includes 
a  mill  site,  A  large  number  of  mineralized  quartz  veins  crop  out. 
Some  of  these  veins  are  here  designated  by  numbers  that  have  been 
assigned  to  them  by  the  owners.  The  claitns  have  been  prospected 
by  two  tunnels — one  175  feet  long,  driven  to  cut  vein  No.  3,  the  other 
65  feet  long  on  vein  No.  2.  The  longer  tunnel  is  at  an  elevation  of 
approximately  4,800  feet  It  is  driven  in  black  crumbled  schist  and 
finely  banded  quartz  and  graywacke.  These  sedimentary  rocks  are 
cut  by  numerous  dikes  of  dioiite  porphyry. 

Vein  No.  3  crops  out  at  a  vertical  distance  of  a  little  more  than 
100  feet  above  the  tunnel.   It  strikes  N.  40°  W.  and  dips  steeply  to  the 
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«aat.  It  rangee  from  1  to  2  feet  in  thickness  and  can  be  traced  at 
least  400  feet.  It  is  highly  stained  with  iron  oxide.  The  tunnel  is 
not  long  enough  to  reach  the  rein,  so  that  the  character  of  the  min- 
eralization below  the  outcrop  is  not  known.  Vein  Xo.  1,  on  the  top 
of  the  ridge,  contains  arsenopjrite,  galena,  and  chalcopjrite,  or 
copper-bearing  pyrite.  The  mineralization  is  typical  of  the  district. 
Work  on  the  tunnels  had  been  discontinued  at  the  time  of  visit,  and 
the  properties  were  attached  for  debts.  Unfortunately  the  work 
done  gives  no  better  idea  of  the  mineralization  than  can  be  gained 
from  a  study  of  the  surface  outcrops. 

UUUTLE  CBEEK. 

Hurtle  Cre^  is  a  small  stream  which  flows  into  the  upper  or 
south  end  of  Tonsina  Lake.  It  is  formed  by  the  union  of  two 
branches,  which  come  together  about  2  miles  from  the  lake.  The 
west  branch  is  about  5  miles  long  and  flows  almost  due  north,  the 
east  branch  is  somewhat  longer  and  flows  first  north  and  then  north- 
west. The  valleys  of  both  branches  are  above  timber  line,  but  spruce 
extends  up  the  lower  part  of  the  creek  to  the  forks.  Both  branches 
head  against  Boulder  Creek,  the  east  branch  being  separated  from 
that  stream  by  a  comparatively  low  divide.  Between  the  east  branch 
and  the  npper  part  of  Quartz  Creek  is  a  narrow  ridge,  which,  at  an 
elevation  of  about  4,500  feet,  is  crossed  by  a  trail  that  leads  to  the 
Valdez- Fairbanks  road  at  mile  55.  The  west  branch  rises  in  several 
small  glaciers  that  lie  in  cirques  at  the  south  end  of  the  valley. 

The  country  rock  of  Hurtle  Creek  includes  schist  or  slate  and 
graywacke  of  the  Valdez  group,  and  is  cut  by  numerous  dikes  of 
light-gray  fine-grained  diorite  porphyry,  whose  courses  are  plainly 
seen  on  the  steep  rock  walls  of  the  valleys. 

Two  groups  of  claims  have  been  staked  on  gold-bearing  quartz 
veins  on  the  east  side  of  the  west  branch  of  Hurtle  Creek,  and  at 
the  time  of  visit,  in  July,  1916,  were  being  developed  by  Messrs. 
Peter  Layton  and  Charles  Nelson,  who,  with  one  or  two  others,  are 
the  ovmere.  One  of  these  groups,  the  Quail  group,  is  about  2  miles 
from  the  forks  of  Hurtle  Creek,  at  an  elevation  of  4,000  feet,  and 
includes  10  claims.  The  other  is  called  the  Telluride  group,  and  in- 
cludes 9  claims.  It  is  higher  on  the  mountain  ^de  than  the  Quail 
group  and  aomewhat  farther  up  the  creek. 

The  veins  of  the  Quail  group  have  the  better  showing  of  ore  and 
have  been  most  developed.  The  country  rock  at  the  workings  is 
gray  slate  or  schist,  which  is  much  folded  and  sheared  and  cut  by 
closely  spaced  northward  trending  joints  that  dip  to  the  east.  The 
deposits  appear  to  lie  in  a  fault  zone  of  pressure  and  fracture.  Some 
of  the  nortiiward-trending  fractures  have  been  filled  with  mineral- 
ized quartz  veins,  and  at  least  four  veins  have  been  uncovered.    The 
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largest  vein  strikes  north  and  dips  60°  E.  It  ranges  in  thickness  from 
10  to  18  inches,  and  contains  arsenopyrite,  galena,  and  free  gold  in 
a  gangue  of  quartz.  Four  feet  below  it  is  a  parallel  vein,  10  inches 
thick,  and  1  foot  above  it  is  another  vein,  somewhat  thinner.  The 
foorth  vein  is  25  feet  above  the  main  vein  and  ranges  in  thickness 
from  1  foot  to  15  inches.  Its  dip  is  a  little  steeper  ^an  that  of  the 
veins  below.  This  vein  contains  the  same  minerals  but  a  larger  pro* 
portion  of  free  gold.  Open  cuts  on  the  veins  have  exposed  them 
for  about  300  feet  along  the  strike.  The  veins  appear  to  be  cut  off  or 
offset  on  the  north  by  a  light-colored  dike  of  diorite  porphyry, 
which  strikes  east  and  dips  south.  This  dike  is  exposed  on  the  south 
side  of  a  small  creek  about  600  feet  north  of  the  workings.  In  addi- 
tion to  the  open  cuts  along  the  veins,  a  shaft,  10  feet  deep,  was  sunk 
on  the  upper  vein,  and  a  tunnel  was  started  below  to  crosscut  the 
veins.  This  tunnel,  which  had  been  run  25  feet  at  the  time  the  prop- 
erty was  visited,  will  have  to  be  driven  70  or  75  feet  to  reach  the 
lower  vein. 

Nearly  S  tons  of  ore  was  packed  out  on  horses  to  the  Valdez- 
Fairbanks  road  in  1914  and  shipped  to  the  Tacoma  smelter.  At  the 
time  the  property  was  visited  an  arrastre,  to  be  driven  by  water 
power,  had  just  been  completed  but  had  not  been  put  into  operation. 

FALL  CBEXIK. 

Fall  CJreek,  which  is  about  7  miles  long,  joins  Tiekel  River  2^ 
miles  northeast  of  the  Tiekel  telegraph  station.  Its  general  course 
is  northward.  For  most  of  its  length  it  occupies  a  narrow  glaciated 
valley,  from  which  it  issues  through  a  deep  canyon  and  flows  for  a 
mile  across  the  level  gravel-covered  floor  of  the  Tiekel.  Most  of  the 
stream  is  below  timber  line.  The  coimtry  rock  along  it  is  slate  and 
graywacke. 

Fall  Creek  was  prospected  by  the  earliest  gold  seekers  who  ven- 
tured into  this  region  in  1898  and  1899  and  again  during  the  gold- 
quartz  excitement,  about  1910,  but  its  gravels  did  not  prove  profit- 
able, and  when  the  creek  was  visited  in  July,  1916,  only  three  men 
were  working  along  it. 

A  number  of  gold-bearing  quartz  veins  have  been  staked  in  the 
valley,  but  only  the  placer  gravels  were  receiving  attention.  Ten  or 
B.  dozen  placer  claims  have  been  staked.  The  two  claims  on  which 
work  was  being  done  were  visited,  yet  at  both  only  preparatory 
work  was  in  progress;  no  mining  had  yet  been  done. 

Messrs.  Nick  Meckem  and  Fred  Reis  were  preparing  to  sluice 
gravel  on  the  upper  end  of  claim  No.  5,  which  is  in  the  canyon  at  a 
place  where  the  gravel  deposits  are  shallow  and  are  confined  to  points 
inside  the  bends  of  the  stream.  The  gravel-covered  point  where  work 
had  been  started  measures  only  about  50  by  100  feet  and  the  deposit 
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13  6  to  8  feet  deep.  A  channel  had  been  made  on  the  east  side  of  the 
creek  next  to  the  canyon  waU  and  sluice  boxes  vere  being  set  up  to 
wash  the  2  feet  of  gravel  that  remained  after  the  boulders  has  be^i 
cleared  away.  The  gravel  is  slate  and  grajwacke  and  includes  a 
large  number  of  boulders  of  graywacke,  many  of  which  have  to  be 
broken  by  powder  in  order  to  get  them  out  of  the  cut  The  gold  is 
not  distributed  through  the  gravel  but  is  found  only  on  bedrock,  the 
upper  few  inches  of  which  have  to  be  taken  up.  It  is  heavy  and 
considerably  worn. 

On  claim  No.  10  Jack  Reynolds  was  mining  the  low  bench  that 
borders  the  creek.  The  channel  is  wider  here  than  below,  for  the 
claim  is  above  the  canyon,  in  the  open  valley,  at  an  elevation  of 
only  about  2,400  feet,  well  below  timber  line.  Here,  along  the  east 
side  of  a  bend  in  the  creek,  there  is  a  low  bench:  of  gravel,  6  to  7  feet 
thick,  throu^  which  Mr.  Reynolds  had  run  a  line  of  sluice  boxes 
about  200  feet  long.  The  gravel  consists  largely  of  boulders  of  gray- 
wacke, many  of  which  have  to  be  broken  by  powder,  and  when  tius 
and  other  coarse  material  had  been  taken  out  about  2  feet  of  finer 
material  remained  that  could  be  shoveled  into  the  boxes.  The  gold 
here,  like  that  mined  farther  down  the  creek,  is  heavy  and  rounded 
and  is  found  only  on  the  bedrock.  Mr.  Reynolds  reported  that  with  a 
rocker  he  took  ^1  from  a  bar  in  five  hours,  but  that  he  did  not 
regard  the  bar  as  pay  ground. 
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BONING  ON  PRINCE  WILLIAM  SOUND. 


By  Bebtrand  L.  Johkson. 


GENEBAI^  PBATUBBS. 

The  mineTalization  of  the  closely  folded  rock  beds  tiiat  border 
Prince  William  Sound  introduced  into  them  a  considerable  variety 
of  minerals,  among  which- were  gold,  silver,  chalcopyrite,chalmersite, 
pyrite,  pyrrhotite,  arsenopyrite,  galena,  sphalerite,  stibnite,  quartz, 
epidote,  albit«,  chlorite,  calcite,  and  ankerite.  The  valuable  metals 
of  the  ores  of  this  region  are  copper,  gold,  and  silver.  The  gold 
thus  far  observed  is  native.  The  copper  occurs  chiefly  as  chal- 
copyrite,  but  another  copper-iron  sulphide  (chalmersite) ,  containing 
about  28}  per  cent  of  copper,  has  been  recognized  at  prospects  on 
Landlocked  Bay  and  on  Knight  Island.  Silver  has  been  noted  as  an 
alloy  of  the  native  gold  and  is  also  associated  with  some  of  the  copper 
ores,  but  in-  what  combinations  is  not  known. 

The  oife  deposits  of  this  region  may  be  broadly  grouped  into  two 
classes — copper  deposits  and  gold-bearing  quartz  lodes.  The  mineral 
associations  in  both  gold  and  copper  deposits  are  in  general  the  same, 
the  dominant  characteristics  of  the  deposits  depending  on  the  rela- 
tive abundance  of  the  different  minerals.  The  copper  mines  produce 
large  quantities  of  gold  or  silver,  or  both,  and  the  gold-quartz  lodes 
ccmtain  small  quantities  of  chalcopyrite.  The  gold-quartz  lodes  oc- 
cur in  the  folded  and  broken  graywackes  and  argillites ;  the  sulphide 
ores  are  restricted  to  the  sheared  slates,  graywackes,  limestones,  and 
greenstones.  The  gold  districts  lie  in  a  belt  that  parallels  the 
shore  of  the  sound  and  nearly  surrounds  the  belt  which  contains  the 
copper  districts,  to  the  south. 

The  gold-quartz  ores  are  free-milling.  They  are  crushed  locally 
in  small  stamp  or  roller  mills  and  the  concentrates  are  shipped  to 
the  smelter  at  Tacoma,  Wash.  The  copper  ores  are  base  and  require 
smelting,  with  or  without  previous  concentration.  At  one  plant 
a  flotation  process  is  in  operation.  Xo  local  smelters  being  available, 
the  copper  ores  are  shipped  to  smelters  at  Tacoma,  Wash.,  and 
Anyox,  British  Columbia,  where  their  copper,  gold,  and  silver  con- 
tent is  recovered. 

The  productive  mines  on  Prince  William  Sound  in  1916,  so  far  as 
known,  included  8  copper  mines  and  10  gold  mines.    As  usual,  a 
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much  larger  quantity  of  copper  ore  than  of  gold  quartz  was  mined 
and  treat«d,  and  the  total  value  of  the  metals  obtained  from  the 
copper  ores  was  several  times  that  of  the  metals  from  the  gold  quartz 
ores.  The  value  of  the  total  mineral  output  of  the  Frioce  William 
Sound  region  in  1916  was  $2^75,200,  compared  with  $1,840^86  in 
1915. 

COPPER  MINING. 
OENEIt&I.  CONSITIOITS. 

Copper  mining  in  the  Prince  William  Sound  re^on  showed  a 
greater  activity  in  1916  than  in  the  preceding  year,  and  this  activity 
would  probably  have  been  much  more  noticeable  had  it  been  possible 
for  the  owners  of  small  copper  mines  to  take  advantage  of  tbe  high 
price  of  copper  and  to  sell  their  ore  on  more  favorable  terms  than 
were  obtainable  at  the  customs  smelters,  which  throughout  the  year 
were  operating  to  their  full  capacity.  Both  of  the  regular  produciers, 
the  Kennecott  Copper  Corporation,  a(  Latouche,  and  the  Ellamar 
Mining  Co.,  at  Ellamar,  made  large  shipments  as  usual.  The  Granby, 
Consolidated  Mining,  Smelting  &  Power  Co.  (Ltd.),  owner  of  the 
Midas  mine,  in  the  Valdez  district;  the  Alaska  Mines  Corporation, 
controlling  the  Schlosser  property,  on  Port  Fidalgo;  the  Dickey 
Copper  Co.,  on  Fort  Fidalgo ;  and  the  Fidalgo  Mining  Co.,  on  Port 
Fidalgo,  also  shipped  ccoisiderable  ore.  Small  shipments  were  made 
from  the  Buckeye  group,  on  Landlocked  Bay,  and  from  the  Copper 
Coin  group,  on  Knight  Island.  The  Threeman  Mining  Co.,  on  lAud- 
locked  Bay,  which  had  shipped  much  ore  in  previous  years,  made  no 
shipments  in  1916.  Development  work  was  done  on  some  of  the  non< 
producing  properties,  and  assessment  work  is  reported  on  many 
others.  Crude  ore  was  shipped  from  all  the  producing  properties, 
and  in  addition  copper-bearing  flotation  concentrates  were  shipped 
from  the  Beateon  Bonanza  mine,  on  Latouche  Island.  The  copper- 
bearing  mineral  in  all  the  ore  was  chalcopyrite.  Much  of  the  copper 
ore  mined  also  carries  either  gold  or  alver,  or  hoih. 

A.  largely  increased  quantity  of  copper  ore  was  mined  on  Prince 
William  Sound  in  1916,  and  the  production  of  copper,  gold,  and 
silver  from  the  copper  ores  was  for  each  metal  much  in  excess  of 
that  of  the  preceding  year.  The  future  position  of  the  Prince  Wil- 
liam Sound  region  as  an  important  copper  producer  appears  to  de- 
pend on  the  successful  treatment  of  the  lower-grade  copper  ores  by 
concentration  or  by  a  marked  lowering  of  the  mining  or  metallurgic 
costs  through  some  radical  change  in  methods.  The  completion  and 
successful  operation  of  the  flotation  plant  at  the  Beatson  Bonanza 
mine  of  the  Kennecott  Copper  Corporation,  on  Latouche  Island, 
marks  an  impMiant  step  in  the  progress  of  this  region  as  a  copper 
producer. 
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WOBK  DOKE  SUBINa  THE  YEAR. 

lATOnCHB  AND  KMIQHT  ISIAMDB. 

The  mining  developments  on  Latouche  and  Knight  islands  are  dis- 
cussed in  detail  elsewhere  in  this  volume. 

UNAKWIK  INLET,  WELU  BAr,  LONG  BAT,  AND  OLACIER  ISLAND. 

Seven  men  are  said  to  have  been  at  work  on  the  Glendenning 
property,  on  Cedar  Bay,  during  the  summer  of  1916,  and  400  feet  of 
tunnel  was  driven.  A  crosscut  tunnel  is  also  reported  to  have  been 
started  on  the  property  of  the  Wells  Bay  Gold  &  Copper  Mining  Co. 
near  by.  Work  was  in  progress  during  the  summer  on  the  Wagner 
property,  on  Siwash  Bay,  a  western  arm  of  Unakwik  Inlet,  and  on 
the  Anderson  property,  on  Unakwik  Inlet.  Assessment  work  is  re- 
ported on  a  group  of  claims  on  Glacier  Bay. 

VALDEZ  DISTRICT, 

A  considerable  amount  of  underground  development  work  was 
done  at  the  Midas  mine  of  the  Granby  Consolidated  Mining,  Smelt- 
ing &  Power  Co.  (Ltd.) ,  on  Solomon  Gulch,  during  1916.  The  main 
tunnel  has  been  extended  to  a  length  of  735  feet.  A  200-horsepower 
Diesel  engine  was  installed  at  the  mine  and  furnished  power  to 
operate  a  16(%horsepower  compressor  and  also  a  small  generator. 
Arrangements  were  being  made  for  hoisting  equipment,  and  it  was 
expected  that  sinking  would  commence  early  in  1917.  Regular  ship- 
ments of  ore  to  the  company's  smelter  at  Anyox,  British  Columbia, 
were  commenced  in  August,  1916,  and  continued  during  the  re- 
mainder of  the  year. 

The  Feabody  Alaska  Copper  Corporation,  controlling  the  old 
Addison  Powell  property,  on  Sulphide  Gulch  about  4  miles  from  its 
junction  with  Lowe  River,  is  reported  to  have  done  annual  assessment 
work,  consisting  of  open  cuts,  stripping,  and  a  few  feet  of  tunneling. 

BLLAMAR  DISTBItTP. 

The  plant  of  the  Ellamar  Mining  Co.,  at  Ellamar,  was  operated  for 
355  days,  working  two  shifts  a  day,  and  a  large  quantity  of  ore  was 
mined  and  shipped.  The  underground  work  was  largely  between  the 
100  and  200  foot  levels,  and  some  of  the  siliceous  ore  between  the  sur- 
face and  the  100-foot  level  west  of  the  main  ore  shoot  has  been  re- 
moved. A  large  waste  open  cut  has  been  made  on  the  slate  hill  south- 
east of  the  mine.  This  is  tapped  from  the  100-foot  level,  and  the 
slate  is  used  for  filling.  The  water  level  in  the  mine  has  been  lowered 
to  the  500-foot  level.  Some  diamond  drilling  was  done  on  the  claims 
owned  by  the  company.    Surface  improvements  made  during  the  year 
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include  the  construction  of  a  warehouse  on  the  dock,  a  new  change 
house  for  the  men,  an  addition  to  the  bunkhouse  providing  for  12 
men,  and  an  addition  to  the  cookhouse.  A  maximum  force  of  100 
men  was  employed  on  the  property  during  the  year.  The  force  dar- 
ing the  last  seven  months  of  the  year  averaged  about  90  men. 

Although  the  Threeman  Mining  Co.,  on  Landlocked  Bay,  made  no 
shipments  during  the  year,  some  underground  development  work  was 
done  on  the  Keystone  claim.  A  raise  was  put  through  between  the 
new  third  level  and  the  second  level,  and  stnne  stoplng  was  done  on 
the  third,  fourth,  and  fifth  levels.  One  man  was  at  work  on  the  prop- 
erty during  the  spring,  but  later  in  the  season  the  force  was  increased 
to  10  men. 

The  Hcmple  Copper  Mining  Co.,  on  Landlocked  Bay,  reports  the 
driving  of  150  feet  of  tunnel  in  1916. 

The  property  of  the  Standard  Copper  Mines  Co.,  on  Landlocked 
Bay,  was  leased  for  four  years  by  the  Alaska  Standard  Copper  Min- 
ing Co.  Work,  con^sting  of  repairs  to  buildings,  dock,  and  equip- 
ment, is  said  to  have  commenced  November  22, 1916. 

A  small  lot  of  ore  was  shipped  to  the  Tacoma  smelter  from  the 
Buckeye  group,  near  the  head  of  Landlocked  Bay,  in  the  spring  of 
1916.  Two  men  were  at  work  on  the  property  during  the  spring  and 
one  man  during  the  summer. 

Only  assessment  work  is  reported  on  the  property  of  the  Land- 
locked Bay  Copper  Mining  Ca 

FOBT  Fn>AIiGO. 

Development  work  was  in  progress  in  1916  at  all  three  of  the  cop- 
per mines  on  Fort  Fidalgo.  The  Fidalgo  Mining  Co.  shipped  a  few 
hundred  tons  of  ore  during  the  year,  drove  about  250  feet  of  timuels, 
and  completed  the  installation  of  a  small  water-power  plant.  This 
plant  was  not  finished  till  late  in  the  season  and  was  in  operation 
only  about  a  month.  Water  under  a  head  of  400  feet  drives  a  36-inch 
Felton  wheel  belted  to  a  single-stage  compressor  with  a  capacity  of 
S85  cubic  feet  a  minute,  which  operates  two  jack  hammers  and  one 
stoper.  A  good  cropping  of  ore  is  reported  to  have  been  found 
during  the  year  about  300  feet  east  of  the  old  workings. 

The  Alaska  Mines  Corporation  operated  the  old  Schlosser  prop- 
erty continuously  throughout  the  year,  with  an  average  crew  of  17 
men  and  a  maximum  of  27  men.  A  new  wharf  and  several  new  build- 
ings were  erected  on  the  property,  and  considerable  underground 
work  was  done.  A  new  tunnel  driven  about  140  feet  below  the  upper 
terminal  of  the  aerial  tram  encountered  ore.  Ore  was  also  mined 
from  the  upper  levels.  The  total  amount  of  underground  work  done 
during  1916  is  said  to  have  consisted  of  350  feet  of  drifting  and  about 
300  feet  of  raises.    The  first  shipment  of  ore  was  made  in  February, 
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1916,  and  several  other  shipments  were  made  later  in  the  year.    No 
shipments  were  made  in  1915. 

The  Dickey  Copper  Co.,  owners  of  the  Mason  and  Gleason  claims, 
OD  Irish  Cove,  employed  from  3  to  15  men  at  different  times  during 
1916  and  did  between  500  and  600  feet  of  midergroimd  work.  The 
wharf  and  ore  bunkers  on  Irish  Cove  were  completed  early  in  the 
year.  A  shipment  of  several  hundred  tons  of  ore  was  made  in  the 
spring.  Operations  at  the  mine  were  discontinued  for  the  year  in 
October. 

OOIiD   MINING. 
OENESAL  COITDITIONS. 

The  gold  produced  in  the  Prince  William  Sound  re^on,  other 
than  that  obtained  from  the  gold-bearing  copper  ores,  comes  from 
both  gold-quartz  lodes  and  gold  placers.  The  placer  deposits,  be- 
cause of  the  recent  intense  glaciation  of  the  region,  are  few,  small, 
and  irregularly  distributed.  They  are  worked  only  intermittently, 
on  a  very  small  scale,  and  contribute  little  to  the  gold  production. 
The  producing  gold-quartz  lodes  are  in  the  Port  Wells  and  Port 
Valdez  districts.  The  Granite  mine,  on  Port  Wells,  and  the  Eamsay- 
Rntherford  mine,  in  the  Port  Valdez  district,  are  the  largest  pro- 
ducers. 

WOBE  ItONB  DimXHO  THE  YBAB. 

POBT    WELLS    DISTKICT. 

The  geology  and  economic  features  of  the  gold-quartz  deposits  of 
the  Port  Wells  district,  together  with  the  developments  up  to  and 
including  1915,  have  been  described  in  recent  reports.^  The  Granite 
mine  continues  to  be  the  most  productive  property  in  the  district. 
Small  test  shipments  were  made  during  the  year  from  the  Beagan 
group,  on  OulroBS  Island,  and  from  the  Banner  group,  on  Settles 
Bay.  Underground  development  and  assessment  work  was  done  on 
many  properties  in  the  district,  a  few  new  lode  discoveries  are  re- 
ported, and  new  milling  plants  were  in  process  of  erection  on  three 
propertes.  Ocean-going  steamers  continued  their  visits  to  Port 
Wells,  and  a  regular  mail  and  passenger  service  was  maintained  be- 
tween Valdez  and  Port  Wells  points.  A  new  post  office  has  been  es- 
tablished at  the  Granite  mine,  and  the  one  at  Gulden  has  been  dis- 
continued. 

At  the  Granite  mine  underground  development  was  in  progress 
throughout  the  year  and  over  2,000  feet  of  workings,  consisting  of 
drifts  on  the  several  levels  and  a  few  stopes,  are  reported  to  have 

'JohDaoD,  B.  Tj..  Tbe  FoH  Wells  gold   lode  dlltrl«t :  IJ.  8.  Geot.   Survey  Bull.  692, 

pp.   lSS-23e,  1914;  UIdIdk  on  Prince  William  Soand;  V.  8.  Otol.   Snrrey  Bull.  e2S, 

pp.   181-189,   1915 ;   Uining  on  Prince  WllUan  Soond ;  ?.  Si  O^pl.  Sarre^  Bull.  642, 
pp.  13T-145,  1616. 
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been  opened.  A  new  intersecting  a'etn  was  discoTered  on  the  hoist 
level  and  tapped  on  the  50-foot  level  by  a  short  crosscut.  The  mill 
was  operated  from  January  1  to  June  1,  both  the  10  stamps  and  the 
Lane  mill  being  used.  Milling  operations  ceased  temporarily  on 
June  1  and  were  not  resumed  until  October  1,  when  only  the  10 
stamps  were  put  into  commission.  A  maximiun  of  65  men  were  em- 
ployed on  the  property  during  the  spring;  two  shifts  were  worked 
daily  in  the  mine  and  three  shifts  in  the  mill.  During  the  cessation 
of  milling  operations  in  the  summer  the  working  force  is  report«d 
to  have  been  cut  to  about  45  men.  Early  in  October  50  men  were 
at  work  on  the  property. 

The  Thomas-Culross  Mining  Co.,  on  Culross  Island,  started  the 
erection  of  a  milling  plant  on  the  south  side  of  Thomas  Bay,  near 
the  head  of  the  bay.  The  mill  building,  in  process  of  erection  in 
October,  1916,  is  about  1^50  feet  from  the  mouth  of  the  mine  tunnel, 
with  which  it  is  to  be  connected  with  a  ground  tram,  also  partly  com- 
pleted at  that  time.  The  mill  equipment,  including  a  10-foot  Lane 
mill,  Pelton  waterwheel,  and  Samson  ]aw  crusher,  was  on  the  prop- 
erty.   Five  men  were  employed  in  the  construction  of  the  plant. 

Very  little  underground  work  was  done  on  the  vein  on  this  prop- 
erty during  the  year,  one  man  being  at  work  for  34  days.  A  cross- 
cut tunnel  about  150  feet  long  taps  the  vein  at  the  inner  end  of  the 
tunnel  and  a  drift  follows  the  lead  from  this  point  for  about  250 
feet  Two  shafts,  10  feet  and  28  feet  deep,  have  been  sunk  on  the 
outcrop  of  the  ore  body.  A  new  shaft  house  was  erected  during  the 
year  to  take  the  place  of  the  one  demolished  by  the  storms  of  the 
preceding  winter. 

A  test  shipment  of  gold-bearing  quartz  was  made  to  Seattle  from 
the  Reagan  group,  on  Culross  Island,  in  February,  but  no  work  other 
than  the  annual  assessment  work  was  done  on  the  property  during 
the  year. 

A  mineralized  porphyry  dike  is  reported  to  cut  at  a  slight  angle 
the  bedding  of  the  slate  and  graywacke  series  on  the  Golden  Giant 
group,  on  the  north  ^de  of  Passage  Canal.  This  property  lies  east 
of  the  foot  of  Billings  Glacier,  about  1  mile  north  of  tidewater.  The 
dike  is  said  to  have  a  width  of  2  to  5^  feet  and  to  be  traceable  for 
several  thousand  feet.  The  dike  contains  numerous  quartz  stringers, 
of  various  thicknesses  up  to  8  inches,  which  carry  free  gold,  sphal- 
erite, and  galena. 

Only  assessment  work  was  done  on  the  Lone  Star  group,  the  Home- 
stake,  and  the  property  of  Dunklee  &  Reilly,  on  Pigot  Bay.  On  the 
Lone  Star  the  underground  development  work  is  said  to  con^st  of 
a  100-foot  crosscut  and  a  50-foot  drift  on  the  lead. 

On  Bettles  Bay  a  250-foot  tunnel  was  driven  on  a  mineralized  dike 
on  the  Banner  group,  near  the  entrance  of  the  bay,  at  an  altitude 
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of  about  148  feet.  It  exposes  a  shattered  acidic  dike,  which  ranges 
in  width  from  1  to  8  feet  and  averages  4  feet.  The  dike  is  reported 
to  be  traceable  across  the  ridge  from  Settles  Bay  to  Hummer  Bay, 
where  it  is  said  to  crop  out  about  2,000  feet  above  the  head  of  the 
bay.  A  small  dike  about  1  foot  in  width  branches  from  the  main 
dike  in  the  tunnel  and  extends  soathward  a  few  feet  east  of  the 
main  dike.  The  shattered  dike  is  cut  by  numerous  quartz  stringers 
.  that  contain  gold,  arsenopyrite,  galena,  and  sphalerite.  Two  men 
were  employed  on  the  property  during  the  winter  of  1915-16,  and 
two  additional  men  were  put  on  in  the  spring.  No  work  was  in 
progress  during  July  and  August,  but  in  October  work  had  been 
resumed  with  a  force  of  five  men.  A  test  shipment  of  ore  was  made 
during  the  year. 

Assessment  work  only  was  done  on  the  Yakima  claim,  on  Bettles 
Bay.    A  total  of  65  feet  of  tunnel  has  been  driven  on  the  property. 

On  the  Mineral  King  property,  better  known  as  the  Hermann- 
Eaton,  about  75  feet  was  driven  on  a  proposed  500-foot  adit  which 
will  tap  the  vein  at  a  depth  of  230  feet.  A  10-stamp  mill,  five  Mon- 
arch concentrating  tables,  waterwheels,  and  an  air  compressor  were 
brought  from  the  Hope  district,  on  Tumagain  Arm,  and  placed  on 
the  property  but  were  not  erected.  About  900  feet  of  hydraulic  pipe 
was  installed.  Work  was  suspended  on  the  property  about  Decem- 
ber 10,  with  the  exception  of  two  men  hand  drilling. 

A  galena-bearing  vein  was  located  during  the  summer  in  the  hills 
about  1}  miles  north  of  the  Mineral  King. 

Four  men  are  reported  to  have  driven  a  200-foot  tunnel  on  a  prop- 
erty between  Hobo  and  Bettles  bays. 

The  Sweepstake  Mining  Co.  is  said  to  have  erected  a  S-stamp  mill 
on  its  property  on  Harriman  Fiord.  Some  work  is  reported  on  the 
property  of  the  Homestake  Mining  Co. 

On  Barry  Arm  a  quartz  vein  is  reported  to  have  been  discovered 
about  5  miles  up  from  the  mouth  of  the  arm,  a  mile  from  the  shore. 

A  120- foot  tunnel  was  driven  during  the  year  on  the  Osceola  vein, 
on  College  Fiord. 

Two  to  four  men  were  at  work  during  1916  on  the  Consolidated 
claim,  <Hi  Avery  River,  and  120  feet  of  tunnel  is  said  to  have  been 
driven  on  the  lead.  On  the  Nugget,  at  Grolden,  45  feet  of  tunnel  was 
driven.  On  the  Arrow  Head  group  (H.  C.  Johnson  and  Cteorge 
Wagner,  locators  and  owners) ,  at  Golden,  a  crosscut  tunnel  struck 
an  ore  vein  100  feet  from  the  mouth  of  the  tunnel.  This  vein  was 
followed  for  45  feet  In  additiwi  to  this  work  drifts  were  run  in 
both  directions,  a  total  distance  of  85  feet,  on  a  vein  that  crosscuts 
this  long  tunnel.  Only  assessment  work  is  known  to  have  been 
done  on  the  other  properties  in  the  vicinity  of  Golden. 
103210'— 18— BnU.  662 18 
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FOBT  TALDEZ  DISTBtCT. 

The  economic  geology  of  the  gold  deposits  of  the  Port  Valdez  dis- 
trict, with  the  mining  developments  up  to  and  including  1915,  have 
been  described  in  recent  reports,^  and  a  detailed  report  on  this  district 
is  now  in  preparation. 

The  producing  properties  in  1916  in  the  Port  Valdez  district  in- 
cluded the  Bamsay-Kutherford,  Cliff,  and  Gold  King,  and  those  of 
the  Valdez  Gold  Co.  and  the  Mineral  Creek  Development  Co.  Small 
test  shipments  were  also  made  from  the  Alice  and  Kambler  properties. 
Development  work  was  in  progress  on  a  few  other  properties,  and 
the  annual  assessment  was  done  on  many  others. 

Underground  development  work  was  in  progress  on  the  claims  of 
the  Eamsay-Kutherford  Gold  Mining  Co.  throughoiit  the  year. 
Work  was  done  on  the  100, 150,  225,  and  300  foot  levels,  and  stoping 
was  in  progress  between  all  these  levels.  Two  shifts  were  worked 
daily  in  the  mine.  Milling  operations  continued  from  the  previous 
year  till  the  later  part  of  January,  when  the  water  supply  froze. 
The  mill  started  again  late  in  May  and  was  reported  to  have  been  in 
operation  the  rest  of  the  year.  Three  shifts  were  worked  daily  in 
the  mill.  An  average  of  20  men  were  employed  on  the  property 
throughout  the  year. 

On  the  property  of  the  Valdez  Mining  Co.,  on  the  south  ^de  of 
the  Valdez  Glacier,  100  feet  of  tunnel  was  driven  by  three  men. 

Two  men,  at  work  during  part  of  the  summer  on  the  Pinochle 
claim,  drifted  both  ways  on  the  vein  in  the  lower  tunnel,  a  total  dis- 
tance of  about  iO  feet. 

The  Mineral  Creek  Development  Co.  is  the  present  owner  of  the 
Hercules  and  Millionaire  claims,  on  Mineral  Creek.  Six  men  were 
at  work  on  these  claims  from  March  to  about  the  end  of  September. 
A  200-foot  crosscut  was  driven  on  the  Hercules  claim  and  drifts  were 
run  on  the  vein  for  40  to  50  feet.  A  small  amount  of  work  was  also 
done  on  the  Millionaire  claim.  A  mill,  formerly  on  the  Big  Four 
property,  near  by,  was  erected  on  property  of  the  Mineral  Creek 
Development  Co.  and  was  operated  for  about  a  month  and  a  half. 
Surface  improvements  on  these  claims  during  the  year  were  limited 
to  the  erection  of  the  mill  building.  Assessment  work  only  is  said 
to  have  been  done  on  the  Little  Giant,  Rose,  Big  Four,  and  other 
properties  on  Mineral  Creek. 

The  Cube  Mining  Co.,  owner  of  a  bond  on  the  Three-in-One  claims, 
report  the  driving  of  600  feet  of  tunnel  on  the  vein  and  the  installa- 

i- Brooks,  A.  H,,  Oold  deposits  near  Valdez:  V.  S.  Qeol.  Burrer  Ball.  020,  pp.  10B-t30, 
1912.  JobiuoD,  B.  L.,  MintDg  on  Prince  WUllam  BaDDd ;  U.  S.  Qeol.  Surre;  Bull.  5S2,  pp. 
23T-243.  iei4  ;  MInlDK  on  rrince  William  Sound  :  C.  S.  Geol.  Burve;  Bull.  622.  pp. 
181-130.  leiS ;  Tbe  gold  and  copper  deposits  of  tlie  Port  Valdei  district :  0,  B.  Geol. 
Sorre;  BulL  622,  pp.  140-18S.  ISIR ;  Ulnlag  OD  PrlDCe  William  Sound:  U.  8,  GeoL 
SaiTCT  Bull.  642.  pp.  18T~14B,  ISie. 
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tion  of  an  amalgamation  and  concentration  plant,  in  which  the  crush- 
ing unit  is  a  Hardinge  conical  mill.  During  the  early  part  of  the 
year  only  a  few  men  were  at  work  on  the  property,  but  the  force 
was  gradually  increased,  and  in  October  15  men  were  employed. 
Drifting  is  reported  on  both  levels  in  the  mine. 

Work  was  started  on  the  Black  Diamond  group  about  the  middle 
of  May.  An  upper  tunnel  at  an  elevation  of  about  700  feet  was 
started  on  the  lead  and  driven  a  distance  of  140  feet  during  the  year. 
Considerable  open-cut  work  and  stripping  of  the  vein  was  also  done. 
An  upper  camp  of  four  buildings  was  completed  during  the  year. 
From*one  to  three  men  were  employed  in  the  development  work. 

Some  underground  development  work  was  done  on  the  McCallum 
lode  claims  near  the  head  of  Gold  Creek. 

An  average  of  14  to  18  men  were  employed  at  the  Cliff  mine  during 
the  year.  The  dock  was  put  in  good  condition.  Underground  devel- 
opment work  was  continuously  in  progress,  but  milling  operations 
were  intermittent  Three  raises  were  put  Uirough  from  the  100-foot 
level  to  a  prospect  tunnel  about  200  feet  above  tbe  beach,  a  raise  was 
started  from  that  tunnel  toward  the  next  level,  and  a  little  stoping 
was  done  above  the  prospect  tunnel.  A  small  winze  is  also  reported 
to  have  been  sunk  40  feet  below  the  level  of  the  prospect  tunnel,  and 
drifts  were  extended  each,  way  on  the  vein  from  the  bottom  of  the 
winze.  A  little  ore  was  also  stoped  out  between  the  100-foot  and  200- 
foot  levels. 

On  the  property  of  the  Sea  Coast  Mining  Co.,  on  Shoup  Bay,  a  mill 
building  was  erected  at  the  mouth  of  Uno  Creek,  and  a  10-stamp  mill, 
jaw  crusher,  and  two  tables  were  installed.  Three  small  cottages 
were  erected  near  by.  The  building  to  house  the  hydroelectric  power 
plant  on  Uno  Creek  was  also  completed,  but  at  the  time  of  visit  all  the 
machinery  for  this  plant  had  not  yet  arrived  on  the  ground.  The 
aerial  tram  connecting  the  mine  and  mill  was  nearly  completed.  At 
the  mine  about  400  feet  of  drifting  was  said  to  have  been  done  on 
the  vein.  An  average  of  20  men  were  at  work  on  tlie  property  during 
the  year. 

Assessment  work  is  reported  on  the  Alice  claim,  and  a  small  ship- 
ment of  ore  was  made  from  the  surface  croppings.  The  tunnel  on 
the  Blue  Bird  claim,  on  the  south  Edde  of  the  mouth  of  Shoup  Bay, 
was  ezt^ided  20  feet.  On  the  Guthrie-Belloli  claims,  in  Uno  Basin, 
two  men  drove  a  new  lower  crosscut  tunnel  90  feet  in  length,  cutting 
the  vein  at  the  inner  end  of  the  tunnel.  Drifts  were  then  run  about 
25  feet  each  way  along  the  vein.  Both  tunnels  on  the  Gold  Standard 
were  ext«nded  a  few  feet.  One  man  was  at  work  on  the  Nymond 
claims  during  part  of  the  summer.  On  the  Bald  Mountain  group, 
on  Shoup  Glacier,  between  80  and  SS  feet  of  drifting  was  done  in  the 
main  tunnel. 
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The  claims  of  the  Valdez  Gold  Co.  {formerly  known  as  the  Cameron 
Johnson  Qold  Mining  Co.)  were  worked  daring  the  summer  with  a 
force  of  12  to  15  men.  Several  hundred  feet  of  work  is  reported  to 
have  been  done  on  the  upper  showings.  The  mill  was  run  only  a  Tery 
short  time,  and  only  a  few  tons  of  ore  was  milled. 

On  the  Tuscarora  claim  assessment  and  developmrait  work  is  re- 
ported to  have  been  in  progress  from  June  16  to  the  end  of  the  year, 
and  45  feet  of  underground  work  was  completed. 

On  the  Rambler  vein  150  feet  of  tunnel  was  driven  and  a  shipment 
of  ore  was  made  for  a  mill  test. 

Assessment  work  is  reported  on  the  property  of  the  Thompson- 
Ford  Mining  Co.  and  on  the  Bunkerhill  and  Minnie  claims. 

The  Gold  King  claims,  on  Columbia  Glacier,  were  operated  during 
the  year.  Two  men  were  engaged  in  development  work  during  the 
winter,  but  from  June  1  to  September  1  this  force  was  increased  to 
sis  or  eight  men.  No  changes  in  the  plant  were  made,  and  no  new 
construction  work  was  done.  The  mill  was  operated  during  most  of 
the  summer.  The  underground  development  work  done  during  the 
year  is  reported  to  have  included  230  feet  of  drifts  and  a  fiS-foot 
raise,  with  stopea  along  all  of  the  raise. 
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COPPER   DEPOSITS   OF   THE   LATOUCHE   AND   ENIGHT 
ISLAND  DISTRICTS,  PRINCE  WILLIAM  SOUND. 


By  Bertsand  L.  Johhbon. 


INTRODUCTION. 

In  the  present  preliminary  report  the  distribution,  geologic  rela- 
tione, and  characteristics  of  the  copper  deposits  of  the  Latouche  and 
Knight  Island  districts  will  be  briefly  described.  A  more  ccMuplete 
and  detailed  report  on  these  districts  is  in  preparati<HL. 

The  earliest  recorded  reference  to  either  of  these  districts  is  that  of 
Cook,*  who  in  May,  1778,  after  a  brief  exploration  of  Prince  William 
Sound,  left  those  waters  through  Montague  Strait.  Portlock*  in  the 
spring  of  1787  explored  the  east  side  of  Latouche  Island  and  part  of 
Knight  Island  Passage.  In  June,  1794,  Joseph  Whidbey,  of  Van- 
couver's expedition,'  crossed  from  Montague  Island  direct  to  Cape 
Puget,  on  the  mainland  of  Kenai  Peninsula,  passing  on  the  seaward 
Bide- of  Latouche  and  adjoining  islands,  and  after  traversing  the 
Eihores  of  Port  Bainbridge  went  through  Bainbridge  Passage  on  his 
way  northward. 

Schrader  *  visited  Latouche  Island  while  studying  the  geology  of 
Prince  William  Sound  in  1898,  and  again,  in  company  with  A.  0. 
Spencer,  in  1900.  In  1905  Grant*  studied  these  districts  in  greater 
detail.  Grant  and  Higgins*  made  additional  observations  in  1908 
and  1909. 

'  Cook,  James,  A  Tojage  to  tbe  raclflc  Ocean  letc.)  In  the  yean  1TT6-1TTS,  S  val*., 
maps,  London,  ITM-ITW.      (Bae  toI.  2,  p.  364,  1785.) 

'Fortlock,  Natbanlel,  A  rajase  round  Uie  world  (etc.)  performed  In  ITSS,  ITSft,  1T8T, 
and  1T88,  pp.  210-211,  London,  1789. 

•VanconTGi,  George,  TojaKe  of  dlieoretr  to  ttw  Nortb  Faclflc  Ocean  [etc.]  In  tlie 
rear*  1TS0-179E,  vol.  S,  pp.  176-178,  maps,  London,  17S8 ;  new  edition  wtth  correctloDi, 
vol.  B.  pp.  300-304,  1801. 

'  Bebrader,  F.  C.,  A  reeonnaiaaance  ot  ■  part  of  Prince  WllUant  Sound  and  the  Copper 
Blver  district,  Alaaka,  In  IBBS :  U.  S.  Geol.  Sorrej  TwenUetb  Ann.  Kept.,  pt  7,  op 
SB4.  419-420,  IBOO. 

Schrader,  F.  C,  and  Spencer,  A.  C,  The  geolOKT  and  mloersl  rcsonrcea  of  a  portion  of 
the  Copper  Blver  dlitrtet,  Alaska,  pp.  IS,  27,  37,  8S :  U.  B.  Qeol.  Surrey  Spaclal  Pnb., 
1901. 

■  Grant,  D.  S.,  Capper  and  other  mineral  reaonrcea  of  Prince  William  Bound  ;  tl.  S.  QeoL 
Snrrey  Bull.  284,  p.  82,  1006. 

■  Qrsnt,  n.  B.,  and  HiKllna.  D.  F.,  Copper  "'"'"g  and  prospecting  on  Prince  William 
Sonnd :  U.  B.  GeoL  Burrej  Butt.  879,  pp.  87-93,  1909.  aeconnalasance  of  the  geology  and 
mineral  resources  of  Prince  William  Bound,  Alaska :  U  .B.  Geol.  Surrey  Bull.  443,  IBIO. 
Grant,  U.  B.,  Copper  depoalts  of  Prince  William  Sound,  Alaska :  Uln.  and  Scl.  Presa, 
vol.  100,  pp.  63-64,  1010 ;  Mining  and  prospecting  <»i  Prince  William  Sound  In  1909 : 
V.  B.  Geol.  Survey  Bull.  442,  pp.  164-165.  1910. 

198 


DcizedbyGoOglC 


194  MtNEBAL  BESOUBCES  OF  ALASKA,  IfflA. 

A  detailed  description  of  the  Beatson-Bonanza  mine,  on  Latouche 
Island,  has  been  given  by  Lincoln.'  Notes  on  the  mining  develop- 
ments of  the  district  have  been  given  by  Moffit  *  and  Johnson.* 

The  field  work  on  which  this  report  is  based  began  June  19, 1916, 
and  ended  October  5,  1916.  The  successful  completion  of  the  work 
of  the  season  was  greatly  facilitated  by  the  use  of  the  launch  Pros- 
pector^ of  Cordova,  in  charge  of  Capt.  George  E.  Scott  The  conclu- 
sions presented  in  the  text,  being  the  results  of  a  preliminary  study 
of  the  data  collected  during  the  field  season,  are  tentative  and  are 
subject  to  revision,  if  needed,  in  the  more  complete  report. 

The  writer's  thanks  for  information  furnished  and  assistance  ren- 
dered are  here  extended  to  the  officials  of  the  Kennecott  Copper  Cor- 
poration, at  Latouche,  to  Mr  Hancock,  at  Horseshoe  Bay,  and  to 
Messrs.  George  E.  Scott,  W.  B.  Harris,  J.  A.  Wilson,  Teening  Carl- 
son, Harry  Moore,  and  many  others. 

GEOGRAPHY. 

Situation. — ^The  Latouche  and  Knight  Island  copper  districts  lie 
at  the  west  entrance  to  Prince  William  Sound,  on  a  northwestward- 
trending  group  of  mountainous  islands,  of  which  Latouche,  Kni^t, 
EIrington,  Hoodoo,  and  Bainbridge  islands  are  the  principal  mem- 
bere.    (SeePl.  XIL) 

Belief. — The  relief  of  the  districts  is  moderately  strong.  -The 
mountain  summits  range  from  1,000  feet  to  a  little  over  3,000  feet 
above  sea  level,  but  only  on  Enight,  Bainbridge,  and  Latouche  is- 
lands do  their  altitudes  exceed  2,000  feet.  Knight  Island  is  the  most 
rugged  of  the  group,  and  its  mountains  are  much  the  highest  in  &e 
districts,  one  peak.  Mount  Marion,  in  the  southern  part  of  the 
island,  rising  to  an  altitude  of  3,280  feet.  Along  the  east  side 
of  Bainbridge  Island  the  maximum  hei^t  reached  is  2,351  feet, 
and  the  higher  summits  of  the  cirque-carved  backbone  of  Latouche 
Island  stand  at  2,018  to  2,255  feet. 

Glaciation. — The  entire  region  has  been  intensely  glaciated,  but  the 
remnants  of  the  ice  sheet  which  once  covered  these  islands  are  few, 
small,  and  of  the  alpine  type,  none  reaching  tidewater.  They  are  ob- 
served only  on  linight  Island.  Many  large  glaciers,  however,  are  pres- 
ei^t  on  the  mainland  of  Kenai  Peninsula,  just  west  of  this  group  of 
islands.  Some  of  these  are  tidal  glaciers  and  discharge  iceliergs, 
which,  in  summer,  may  frequently  be  seen  floating  among  these 
islands. 


'Mont,  F.  H.,  Notes  on  copper  progpecta  of  Prince  William  Sound;  L".  S.  Qeol.  Survej- 
BuIL  34 S.  pp.   170,   ITS.  lOOg. 

>  JohDBQa,  B.  L.,  Mining  on  Prince  Wllllnm  Soanil :  U.  3.  Geot.  Surre;  Bull.  6S2.  p. 
243,  1914 ;  Bull.  622,  pp.  132-1S3,  191S ;  Bull.  642,  p.  189,  1910. 


..vCoogIc 


iwn  gwmTTT  Tfli  iwr.  mrniiTf^Tn TQIj 


D,a,;,zeclbvG(>OgIc 


■unanBij    ■o„anTj^^„a  n„   .,  .og.     jjn^ 


..vCoogIc 


OOPPEB  DEPOSira  OP  LATOUCHE  AND  KNIGHT  ISLAND  DI8THICT8.    195 

Drainage. — The  surface  waters  of  these  islands  flow  directly  to 
the  numerous  passages  between  the  islands  or  to  the  many  small 
bays  indenting  their  shores.  The  streams  are  short  and  drain  small 
areas.  Ma'^t  of  the  streams  are  less  than  a  mile  in  length,  and  the 
longest  stream  has  a  length  of  but  2^  miles. 

On  some  of  the  streams  small  water  powers  could  be  developed, 
and  on  Latouche  Island  small  power  plants  are  in  operation  at  two 
properties. 

Climate. — ^The  Latouche  and  Knight  Island  districts  lie  within 
the  Pacific  coast  climatic  province,  the  climate  of  which  is  essen- 
tially temperate  and  humid,  being  characterized  by  heavy  precipita- 
tion and  a  comparatively  high  mean  annual  temperature. 

The  average  annual  precipitation  on  Prince  William  Sound,  as 
shown  by  records  kept  at  Valdez  and  Cordova,  ranges  from  about 
74  inches  at  Valdez  to  about  132  inches  at  Cordova.  In  1912  the 
precipitation  at  Cordova  was  131  inches,  but  the  rainfall  in  that 
year  was  exceptionally  heavy.  Records  kept  at  Latouche  from  Sep- 
tember 1,  1915,  to  September  1,  1916,  by  Mr.  B.  H.  Dow,  of  the 
Kennecott  Copper  Corporation,  showed  rainfall  for  those  twelve 
months  of  142.26  inches.  The  average  mean  annual  temperature  at 
that  place  for  the  same  period,  computed  from  readings  made  at 
8  a.  m.  daily,  was  38°  F,  The  average  temperature  for  the  three 
summer  months  was  about  51°  F.,  and  the  average  for  the  three 
winter  months  about  27°  F. 

Timber. — The  Latouche  and  Knight  Island  districts  are  included 
within  the  Chugach  National  Forest  and  are  abundantly  timbered. 
Timber  line  ranges  from  1,000  to  1,500  feet  above  sea  level.  Most  of 
the  smaller  islands  are  completely  covered  with  timber,  and  many  of 
the  larger  islands  have  only  a  few  peaks  or  ridges  rising  slightly  above 
timber  line.  The  largest  untimbered  areas  are  on  Knight  Island. 
The  forest  trees  include  spruce,  western  hemlock,  mountain  hemlock, 
and  alder.  Coniferous  trees,  4  to  5  feet  in  diameter,  are  occasionally 
found,  but  the  average  diameter  of  the  larger  trees  is  probably  from  1 
to  2J  feet.  Timber  suitable  for  most  purposes  can  be  cut  near  most 
of  the  mines  and  prospects,  but  the  better  grades  of  lumber  must  be 
brought  from  Seattle.  Dressed  lumber  can  also  be  purchased  at 
Valdez. 

Population  avd  settlements. — The  population  of  these  districts  is 
depentlent  upon  the  mining  industry,  and  the  existing  settlements  are 
at  or  near  mines  or  prospects.  Latouche,  the  largest  settlement,  with 
a  population  of  about  400,  is  on  the  west  coast  of  Latouche  Island 
near  its  north  end.  This  settlement  has  been  built  up  close  to  the 
Beatson-Bonanza  mine.  Most  of  the  supplies  necessary  for  pros- 
pecting are  obtainable  here  at  the  mine  store  of  the  Kennecott  Copper 
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Corporation.  Gasoline,  however,  wa?  obtainable  in  1916  only  in  10- 
gallon  lots,  at  45  cents  a  gallon. 

Several  houses  have  been  built  on  Horseshoe  6a;  on  the  west  side 
of  Latouche  Island  near  the  prospects  of  the  Reynolds  Alaska  Devel- 
opment Co.,  and  in  1916,  while  development  work  was  in  progress, 
about  15  persons  were  living  at  that  place. 

Latouche  serves  as  a  distributing  point  for  much  of  these  districts, 
but  a  considerable  number  of  the  Knight  Island  property  owners  use 
either  Valdez  or  Ellamar  as  a  supply  point.  Public  wharves  are 
available  at  Valdez  and  Cordova  for  the  transE^pment  of  machinery 
and  supplies  from  the  ocean-going  steamers  arriving  from  the  States 
to  the  smaller  boats  that  are  available  for  trips  to  the  prospects. 
There  are  no  public  wharves  in  these  districts.  The  wharf  at  La- 
touche used  by  the  regular  steamers  is  the  property  of  the  Kennecott 
Copper  Corporation.  Hotel  accommodations  are  available  only  at 
Valdez  and  Cordova,  although  quarters  for  visiting  engineers  have 
been  furnished  at  the  mines. 

TraTisportaiion. — Transportation  facilities  to  and  from  points  in 
the  United  States  are  fairly  good.  Latouche,  the  only  port  of  call 
within  these  districts,  is  on  the  regular  routes  of  travel  for  ocean- 
going steamers  of  two  lines  running  to  southwestern  Alaska  points. 
There  are  about  nine  passenger  boats  each  way  a  month  in  the  summer 
and  about  five  a  month  in  the  winter.  The  passenger  boats  carry 
freight,  and  there  are  also  several  boats  engaged  exclusively  in  freight 
transportation.  Passenger  rates  in  1916  were  the  same  on  both  lines 
for  all  Prince  William  Sound  points,  and  were  as  follows:  First  class, 
upper  deck,  $50 ;  first  class,  lower  deck,  $47.50 ;  steerage,  $30.  Freight 
charges  from  Seattle  to  Prince  William  Sound  point  in  1916  ranged 
from  $3  to  $45  a  ton  according  to  classification.  First-class  passen- 
ger fare  on  the  large  boats  between  Valdez  and  Latouche  is  $5  each 
way;  steerage,  $3  each  way. 

Local  travel  is  entirely  by  small  boats.  There  is  no  regular  service, 
but  gasoline  launches  are  usually  available  at  Latouche  and  are 
apparently  more  abundant  and  more  readily  obtainable  at  Valdez. 

As  water  routes  are  used  for  practically  all  transportation  between 
mining  camps  and  their  supply  points  and  the  conditions  for  water 
travel  are  so  favorable  and  those  for  land  travel  so  difficult,  little  has 
been  done  to  construct  or  improve  roads  or  trails  between  camps,  and 
those  already  constructed  are  restricted  to  trails  from  the  shore  camps 
to  the  mines  and  prospects.  A  United  States  post  office  has  been  es- 
tablished at  Latouche  for  several  years.  In  the  summer  of  1916  a 
wireless  plant,  reported  to  be  of  sufficient  power  to  communicate  with 
stations  at  Kodiak  and  Cape  Whitshed  and  approaching  steamers 
was  erected  at  Latouche. 
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GEOLOGY. 

PBE-QUATEBITABT  BOCKS. 

The  pre-Qnatemary  rocks  of  these  districts  include  both  sedimen- 
tary and  igneous  types.  The  sedimentary  rocks  are  all  regionally 
metamorphosed  and  may  be  segregated  into  two  distinct  groups — 
(1)  the  graywackes,  slates,  argilUtes,  and  conglomerates  of  La- 
touche.  Knight,  Flemming,  Hoodoo,  and  EIrington  islands  and  of  the 
eastern  and  southern  parts  of  Bainbridge  Island  and  (2)  the  massive 
graywackes  of  Kenai  Peninsula  and  the  western  part  of  Bainbridge 
Island.  All  the  igneous  rocks  of  both  districts  are  in  this  preliminary 
report  grouped  under  the  general  term  "  greenstones." 

GBATWACKi:,     BUkTE,     ABOHJJTE,     AlfD     CONaLOHEBATE     OP 
LATOTTCHE,    KNiaBT,    HOODOO,    FXEMICINO,    AOT)    EZJUNOTOII 


The  sedimentary  rocks  of  Latouche,  Danger,  Knight,  Hoodoo, 
Flemming,  and  EIrington  islands  and  of  the  eastern  and  southern 
parts  of  Bainbridge  Island  ccmsist  chiefly  of  grajTPacke,  slate,  argil- 
lite,  conglomerate,  and  a  very  small  amount  of  limestone.  It  is 
probable  that  this  group  will  eventually  be  separated  into  a  con^d- 
erable  number  of  formations.  At  present  several  lithologic  units 
are  recognized  and  will  be  described  briefly. 

The  oldest  unit,  which  crops  out  in  a  wide  belt  on  Discovery 
Point,  on  the  south  side  of  Snug  Harbor,  Knight  Island,  is  com- 
posed of  flne-grained  dark-gray,  slightly  calcareous  slate,  with  thin 
layers  of  coarser-grained  lighter-gray  slate  rarely  exceeding  2J 
inches  in  thickness  and  spaced  from  1  inch  to  9  inches  apart.  These 
thin  layers  are  in  places  intricately  folded.  The  slates  also  con- 
tain small  brown-weathering,  slightly  calcareous  nodules,  some  of 
which  attain  a  thickness  of  about  IS  inches,  and  a  few  thin  beds 
of  limestone,  including  one  6  inches  thick.  The  slates  are  thinly 
'  cleavable  in  places. 

Overlying  these  slates  is  a  thick  succession  of  thin-bedded  gray- 
wacke,  which  covers  most  of  the  drainage  area  of  Hogan  Bay  and 
the  eastern  half  of  Latouche  Island.  The  thickness  of  the  indi- 
vidual graywacke  beds  ranges  from  1  foot  to  SO  feet,  but  the  average 
bed  measures  10  feet  or  less.  On  Knight  Island  this  formation 
contains,  near  the  lower  contact,  a  few  layers,  6  to  50  feet  in  thick- 
ness, of  thin-bedded  argillite  resembling  the  slate  on  Discovery 
Point,  but  slightly  more  siliceous.  The  graywacke  is  rather  light 
colored.  The  argillitic  beds  are  dark  gray  and  are  in  places  much 
iron  stained.  The  bedding  in  the  graywacke  is  sharply  defined  and 
clean  cut,  individual  beds  separating  readily  from  each  other. 
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On  Latouche  Island  a  thick  mass  of  slate  and  argillite  lies  above 
the  bedded  graywacke.  This  is  overlain  by  another  graywacke 
series,  above  which  is  a  group  of  alternating  slate,  graywacke,  and 
argillite,  with  some  chert  and  limestone.  A  band  of  black  slate  of 
considerable  width  passes  through  Latouche.  Conglomerate  crops 
out  in  a  narrow  belt  at  Latouche  and  on  Little,  Horseshoe,  and 
Pleasant  bays.  The  conglomerate  contains  numerous  small,  well- 
rounded  pebbles  of  both  sedimentary  and  igneous  rocks,  of  which 
quartz,  quartzite,  chert,  argillite,  slate,  light-colored  fine-grained 
granitic  rocks,  and  both  light  and  dark  colored  porphyries  are  the 
most  abundant,  also  many  fragments  of  slate  and  argillite.  Above 
the  conglomerate  beds  is  more  graywacke,  overiaiu  by  a  mass  of 
slate  carrying  but  little  graywacke,  which  forms  the  west  coast  of 
Latouche  Island  from  Horseshoe  Bay  to  Pleasant  Bay. 

The  sedimentary  rocks  on  Hoodoo,  Flemming,  and  Elrington 
islands  and  the  east  side  of  Bainbridge  Island  are  largely  slate,  with 
minor  amounts  of  graywacke  and  conglomerate.  The  conglomerate 
is  most  prominent  on  the  northeast  shore  of  Hoodoo  Island  near 
Bishop  Rock  but  occurs  also  on  Elrington  Island  near  the  south  end 
of  Elrington  Passage  and  on  Enight  Island  between  Mummy  and 
Little  bays.    It  is  similar  to  those  found  on  Latouche  Island, 

Fossils  have  been  found  within  this  group  at  several  localities,  but 
with  one  exception  they  have  not  proved  of  diagnostic  value.  A 
comatulid  crinoid  was  found  in  the  ;^ates  on  the  west  side  of  Hoodoo 
Island.    J.  B.  Keeside  has  reported  on  this  specimen  as  follows: 

16  AJ  73  (10014),  Hoodoo  Island:  Centrodoreal  and  two  arms  of  a  comatnlld 
crlnold  referred  by  A.  H.  Clark  to  an  Tindescribed  genus  of  the  subfamily 
Bathymetrtnae  of  the  family  Antedonldae.  The  comatullds  as  a  group  are  uii- 
knoivn  before  the  Jurassic  and  are  always  rare  as  fossils.  The  specimen  repre- 
sents a  type  most  Hbnndant  In  recent  seas  and  Is  mncb  like  a  living  Alaskan 
form.  Knowledge  of  the  fossil  forms  Is  so  scant  that  an  exact  statement  of 
age  Is  Impossible,  though  the  close  relation  to  a  living  crlnold  suggests  Cretaceous 
or  later. 

The  age  of  this  group  of  apparently  conformable  formations  can 
not  therefore  be  given  more  closely  than  posfc-Triassic,  with  the  added 
suggestion  that  this  group,  the  oldest  of  the  region,  may  be  Cretaceous 
or  later. 

GRAYWACKE    ' 

The  bedrock  of  the  western  part  of  Bainbridge  Island  and  the 
eastern  shore  of  Kenai  Peninsula  is  a  group  of  sedimentary  rocks, 
composed  of  interbedded  graywacke,  argillite,  slate,  and  conglomerate. 
The  eastern  limit  of  this  group  extends  from  the  bay  in  the  north 
end  of  Bainbridge  Island  southwestward  to  Hogg  Bay.  The  west- 
em  limit  is  unknown.     This  group  is  made  up  largely  of  gray- 
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wacke,  but  the  proportion  of  other  types  of  sedimentary  rocks 
varies  widely.  At  the  north  end  of  Bainbridge  Island  there  is  a 
broad  belt  of  slate  and  graywacke,  to  the  west  of  which  lies  a  high 
ridge  of  massive  graywacke.  The  west  shore  of  Bainbridge  Island 
and  the  west  side  of  Bainbridge  Passage  consist  of  very  massive  gray- 
wacke with  very  little  slate.  This  group  must  comprise  several 
thousand  feet  of  strata.  The  formations  as  a  whole  are  of  a  dark- 
gray  color  J  the  slate  is  bluish  black,  and  the  graywacke  dark  gray. 
The  graywacke  of  Bainbridge  Passage  differs  from  the  bedded  gray- 
wacke of  Latouche  Island  in  the  absence  of  definite,  straight,  and 
abundant  bedding  planes.  Here  and  there  narrow  belts  of  thin- 
bedded  graywacke  and  arglllite  show  in  the  more  massive  gray- 
wacke. On  Hogg  Bay,  on  Bainbridge  Island,  some  conglomerate 
occurs  interbedded  with  slate,  argillite,  and  graywacke.  The  matrix 
of  the  conglomerate  ranges  from  siliceous  to  argillaceous.  The  peb- 
bles are  small  and  well  rounded.  A  noteworthy  feature  of  this  con- 
glomerate is  the  presence  in  it  of  greenstone  pebbles.  The  conglomer- 
ates of  Latouche,  Hoodoo,  and  Knight  Islands  are  not  known  to  con- 
tain pebbles  of  similar  lithologic  character. 

So  far  as  is  known  at  present  this  is  the  youngest  rock  group  in 
the  Latouche  and  Knight  Island  districts.  No  fossils  have  yet  been 
found  in  any  part  of  the  group,  and  therefore  exact  evidence  as  to 
its  age  is  not  available.  Kor  are  its  contacts  with  the  other  rock 
groups  of  these  two  districts  sufficiently  distinct  to  permit  definite 
statements  as  to  its  age  relations.  The  situation  of  this  group  to  the 
west  of  and  apparently  overlying  the  other  groups;  the  absence  of 
basic  intrusions  in  it;  the  more  massive  character  of  the  graywacke 
of  this  group  as  opposed  to  the  bedded  nature  of  the  graywacke  of 
Latouche  and  Knight  islands ;  and  the  presence  of  greenstone  pebbles 
in  the  conglomerate  on  Hogg  Bay,  all  appear  to  indicate  a  later  age 
for  this  group  of  rocks,  with  a  probable  marked  erosional  uncon- 
formity between  it  and  the  next  older  greenstone  group.  Tlie  evi- 
dence on  this  point,  however,  is  not  conclusive,  and  it  is  possible  that 
this  group  is  to  be  correlated  with  the  bedded  graywacke  of  Latouche 
and  Knight  islands. 


The  rocks  locally  called  greenstones  are  greenish  altered  igneous 
rocks,  comprising  a  thick  series  of  lava  flows,  volcanic  tuff,  and 
agglomerate,  with  associated  dikes  and  larger  intrusive  igneous 
masses.  All  these  rocks  are  basic.  They  intruded  or  flowed  out  over 
the  surface  of  the  graywacke,  slate,  and  conglomerate  which  form 
the  sedimentary  portion  of  the  eastern  islands  of  this  group,  and  they 
appear  to  be  overlain  by  the  massive  graywacke  of  western  Bain- 
bridge Island  and  Kenai  Peninsula.    The  different  types  are  inti- 
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mately  associated,  are  probably  genetically  related,  and  are  of  about 
the  same  age.  No  very  definite  evidence  is  available  regarding  the 
age  of  these  igneous  rocks,  and  at  present  it  can  only  be  said  that 
the  volcanic  activity  took  place  either  in  the  Juras^c  or  in  some  later 
period. 

The  greenstones  are  the  most  widespread  group  of  rocks  in  these 
districts.  They  cover  all  of  Knight  Island  except  the  peninsula  be- 
tween Snug  Harbor  and  Mummy  Bay,  which  is  composed  of  sedi- 
mentary rocks  that  are  older  than  the  greenstone  but  are  intruded  by 
many  sills,  dikes,  and  masses  of  it.  EIrington  Island,  except  for  a 
small  central  portion,  is  almost  wholly  greenstone.  Hoodoo  and 
Flemming  islands  are  largely  greenstone,  and  intercalated  in  the  slates 
of  the  eastern  and  southern  parts  of  Bainbridge  Island  are  many  basic 
siUs.  A  few  small  ^lls  also  intrude  the  rocks  of  Latouche  and  Dan- 
ger islands.  The  largest  single  area  of  igneous  rock  is  that  of  Knight 
Island.  This  area  extends  from  Point  Eleanor  south  to  the  entrance 
of  Mummy  Bay,  a  distance  of  a  little  over  25  miles,  and  its  maximum 
width  is  about  9  miles. 

The  greenstones  vary  widely  in  texture,  ranging  from  aphanitic 
to  coarse-grained  rocks.  Both  porphyritic  and  nonporphyritic  types 
occur.  Diabasic  and  amygdaloidal  textures  are  also  seen.  The 
color  of  the  rocks  varies  considerably,  ranging  from  light  greenish 
gray  to  dark  greenish  black.  Some  of  the  rocks  have  slight  reddish 
tints,  and  fragments  of  reddish  lava  occur  in  some  of  the  agglomerate. 
Ellipsoidal  flow  structure  is  visible  in  many  places  along  the  shores 
of  Knight  Island,  but  the  rock  in  the  central  part  of  the  island  is 
more  massive,  shows  little  evidence  of  ellipsoidal  structure,  and 
presents  wide  color  and  textural  ranges.  Gneissic  texture  is  shown  in 
places.  Ellipsoidal  structure  is  also  found  on  Flemming,  EIrington, 
Hoodoo,  and  some  of  the  smaller  islands.  Tuffaceous  and  agglom- 
eratic  beds  occur  on  EIrington  and  Knight  islands.  Dark-colored 
tine-grained  basic  dikes  cut  both  the  ellipsoidal  greenstones  and  the 
central  massive  core  of  Knight  Island  in  several  places.  In  some 
parts  of  the  districts  chloritic  schist  has  been  developed  by  the  shear- 
ing of  the  greenstones  by  later  movements. 

MINEBAL  BESOUBCES. 

aUNER&Ii  FEATITKBS. 

The  mineral  resources  of  the  Latouche  and  Knight  Island  districts 
consist  of  lode  deposits  containing  as  valuable  metals  copper,  silver, . 
and  gold.  Copper  is  the  predominant  valuable  metal  in  the  lodes 
of  both  districts,  but  silver  or  gold  or  both  are  obtained  from  the 
copper-bearing  deposits. 
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The  first  mineral  locatioDS  on  both  Latouche  and  Knight  Islands 
appear  to  have  been  made  in  1897.  The  Beatson-Bonanza  mine  was 
the  first  property  staked.  Other  locations  on  both  islands  followed, 
but  little  work  was  done  on  most  of  the  property.  Development  work 
was  started  on  the  Beatson  property,  and  a  small  trial  shipment  of 
ore  was  made  in  1889.  Other  diipments  followed,  and  in  1903  over 
100  tons  was  shipped.  Begular  shipments  from  this  mine  began  in 
1904  and  have  continued  ever  since. 

Prospecting  was  especially  active  in  these  districts  from  1903  to 
1907,  and  culminated  in  the  latter  year  in  a  decided  copper  boom. 
Practically  all  of  Latouche  and  Knight  islands  was  staked  at  that 
time,  and  many  of  the  locations  were  made  on  showings  of  little 
worth  under  any  conditions.  Extensive  developments  were  started 
on  several  properties.  The  boom  did  not  last  long,  however,  and  its 
natural  collapse  was  assisted  by  a  sharp  drop  in  the  price  of  copper 
and  the  period  of  financial  stringency  of  1907  and  1908.  In  but  few 
places  has  the  development  work  in  progress  at  that  time  been  con- 
tinued or  renewed.  No  new  regular  producers  have  appeared.  Test 
shipments,  some  of  which  amounted  to  several  hundred  tons,  have 
been  made  from  a  number  of  properties  on  Latouche  and  Knight 
islands,  and  small  trial  shipments  have  been  made  from  some  of  the 
other  properties. 

The  world-wide  demand  for  copper  that  began  in  1914  caused  re- 
newed activity  in  this  portion  of  Prince  William  Sound,  and,  al- 
though there  has  been  no  increase  in  the  number  of  producers,  the 
Kennecott  Copper  Corporation  has  markedly  increased  the  produc- 
tive ability  of  the  Beatson-Bonanza  mine.  In  1916  development 
work  was  in  progress  at  this  mine  and  on  the  properties  of  the  Rey- 
nolds Alaska  Development  Co.,  on  Horseshoe  Bay,  and  the  Seattle 
Alaska  Copper  Co.,  on  Montgomery  Bay,  on  Latouche  Island ;  and 
the  annual  assesanent  work  was  done  on  numerous  other  claims. 

The  area  considered  in  this  report  lies  entirely  within  the  Valdez 
recording  district,  the  recording  office  of  which  is  at  Valdez. 

GEOGBAPHIC  SISTBIBITTIOH  OF  THE  COm:S  DEPOSITS. 

The  Latouche  and  Knight  Island  copper  districts  are  the  south- 
westemmc^  two  of  several  more  or  less  isolated  copper-bearing  dis- 
tricts that  lie  scattered  along  the  shores  of  Prince  William  Sotmd 
from  Cape  Whitshed  to  Cape  Puget. 

The  copper  mineralization  in  the  southwestern  part  of  Prince  Wil- 
liam Sound  is,  so  far  as  known,  restricted  to  the  islands  of  the 
Latouche  and  Knig^it  Island  districts.  These  two  districts  are  more 
or  less  mineralized  throughout  their  entire  length  and  breadth,  and 
consequently  the  mineral  belt  trends  northeastward  with  the  general 
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geographic  trend  of  the  islands  included  in  the  districts.  Copper 
deposits  have  been  found  on  Knight,  Latouche,  Elrington,  and  Bain- 
brldge  islands.  They  are  especially  abundant  in  the  greenstones  on 
Knight  Island,  although  it  is  in  the  sedimentary  rocks  of  Latouche 
Island  that  ore  bodies  of  proved  commercial  value  have  thus  far 
been  found.  The  known  deposits  on  Elrington  and  BainbridgiB 
Islands  are  few,  small,  and  economically  unimportant,  but  they  serve 
to  show  the  widespread  extent  of  the  mineralization. 

The  mineralization  has  a  known  vertical  range  of  at  least  1,650 
feet.  It  is  found  below  sea  level  in  the  Beatson  Bonanza  mine,  on 
Latouche  Island,  and  extends  to  an  altitude  of  1,500  feet  at  pros- 
pects on  both  Latouche  and  Knight  islands.  Copper  deposits  have 
been  found  distributed  throughout  this  vertical  range. 

The  only  regularly  producing  property  within  these  two  copper 
districts  is  the  Beatson-Bonanza  mine  of  the  Kennecott  Copper  Cor- 
poration, at  Latouche.  Small  shipments  of  copper  ore  have  been 
made  to  smelters  from  prospects  on  both  Latouche  and  Sni^t 
islands. 

GEOXiOaiC  BEULTZONS  OF  THE  OBE  DEPOSITS. 

Certain  definite  geologic  conditions,  partly  structural  and  partly 
chemical,  have  caused  the  present  geographic  distribution  of  the  ore 
deposits.  The  mineralizing  solutions  appear  to  have  been  genetically 
related  to  the  basic  intrusive  rocks.  The  ore  deposits  occupy  brec- 
ciated  or  sheared  zones  in  both  the  sedimentary  rocks  and  the  green- 
stones of  these  districts.  The  steeply  dipping  sediments  of  Latouche 
and  Knight  islands  are  crosscut  and  intruded  by  the  greenstones, 
and  the  bedding  planes  of  these  sedimentary  rocks,  together  with 
the  many  dip  and  strike  faults,  offered  favorable  channels  for  the  ore 
solutions.  Shear  zones  were  also  developed  in  the  greenstones  of 
JCnight  Island  by  diastrophic  movements  during  the  succession  of  in- 
trusions and  extrusions  which  built  up  that  island.  Many  of  these 
shear  zones  are  more  or  less  mineralized. 

Within  the  greenstone  area  of  Knight  Island  evidences  of  sulphide 
mineralization  are  so  abundant  as  to  indicate  a  source  near  by  for 
the  mineralizing  solutions.  The  presence  of  chalmersite  within  this 
area  is  perhaps  significant  of  the  same  thing.  The  mineralization  of 
the  other  greenstone  areas  of  the  Latouche  and  KJiight  Island  dis- 
tricts is  slight,  and  prospects  are  knovm  only  on  Klrington  and  Bain- 
bridge  islands. 

Many  copper-bearing  prospects  have  been  found  within'  the  older 
sedimentary  rocks  both  on  Knight  and  Latouche  islands.  It  is 
within  these  rocks  that  the  ore  bodies  of  the  Beatson  mine  at 
Latouche,  the  Reynolds  Alaska  Development  Co.'s  prospect  at  Horse- 
shoe Bay,  and  the  otiier  Latouche  Island  properties  lie.  Sporadically 
distributed  throu^  certain  portions  of  these  rocks  are  limestone 
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and  other  calcareous  sediments.  At  Horseshoe  Bay  undigested  frag- 
ments of  limestone  are  found  in  the  solid  sulphides,  and  beds  of 
siliceous  limestone  were  cut  in  some  of  the  workings.  The  upper 
argillaceous  part  of  this  group  of  the  older  sedimentary  rocks,  as 
exposed  on  Elrington,  Hoodoo,  and  Bainbridge  islands,  appears 
to  have  presented  unfavorable  conditions  to  the  formation  of  sulphide 


No  copper  deposits  are  known  to  have  been  found  within  the 
areas  underlain  by  the  massive  graywacke  series  of  western  Bain- 
bridge Island  and  the  adjacent  mainland  of  Kenai  Peninsula,  which 
apparently  were  laid  down  after  the  cessation  of  cupriferous  min- 
eralization. 

The  ore  bodies  are  impregnation  and  replacement  deposits  of  sul- 
phide ores.  Classified  on  the  basis  of  the  dominant  valuable  metal, 
the  ores  are  copper  ores.  From  a  metallurgist's  point  of  view  they 
■  are  base  smelting  sulphide  ores  with  a  high  copper  content. 

The  mineralogy  of  most  of  the  ores  is  simple;  the  minerals  are 
few  and  are  common  to  most  of  the  properties.  Certain  of  the 
Knight  Island  prospects,  however,  contain  chalmersite,  a  rare  cop- 
per-iron sulphide  not  observed  in  most  of  the  copper-bearing  ores 
of  the  two  districts. 

The  economically  important  copper-bearing  minerals  are  chalco- 
pyrite  and  chalmersite,  which  occur  intimately  associated  at  some 
of  the  Knight  Island  prospects.  Gold  or  silver,  or  both,  occur  in 
some  of  the  ores.  The  gold  is  probably  native.  The  combination  in 
which  the  silver  occurs  is  not  known. 

The  original  metallic  minerals  of  these  ores  are  chalcopyrite,  chal- 
mersite, pyrrhotite,  pyrite,  sphalerite,  galena,  gold,  and  silver.  Traces 
of  arsenic  and  nickel  are  reported  in  some  of  the  ores.  The  non- 
metallic  minerals  include  quartz,  feldspar  (?),  chlorite,  a  brown- 
weathering  cream-colored  carbonate,  calcite,  and  epidote. 

Minerals  resulting  from  the  weathering  of  the  original  ore  min- 
erals are  native  copper,  chalcocite,  covellite,*  melaconite,*  malachite, 
azurite,  and  the  yellow  and  red  oxides  of  iron.  These  secondary 
minerals  are  of  no  economic  importance  because  of  their  scarcity,  the 
ore  bodies  having  been  but  slightly  oxidized  since  the  comparatively 
recent  glaciation  of  these  districts. 

MINES  AND  PROSPECTS. 

The  descriptions  of  the  mine  and  prospect  workings  as  here  given 

must  be  regarded  in  the  main  as  representing  the  conditions  in  the 

<  Qrant,  U.  8.,  and  HIkkIdb,  D.  F.,  BecoanaiBBUK^  of  the  S«0l0g7  and  mlnerBl  reaonrcM 
of  Prince  William  Sound,  Alaska :  U.  S.  Oeol.  Sucrer  Bull.  443.  p.  S*.  1010. 

LIdcoId.  F.  C,  The  Big  Bonanza  coppec  mine.  Latoucbe  liland,  Alaika :  Ecod.  Geologr, 
vol.  4,  p.  aiS,  1900. 

■Grant,  U.  a,  acd  Hlgglns,  D.  F..  op.  cit.,  p.  64. 
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fall  of  1916.  All  the  prospects  within  these  two  districts  were  not 
visited  in  1916,  and  consequently  no  description  can  be  given  here  of 
the  prospects  not  seen.  The  absence  of  people  on  many  of  the  bays 
and  the  fact  that  only  a  few  properties  were  under  development  dur- 
ing the  summer  prevented  the  visiting  of  many  prospects  and  the 
obtaining  of  more  detailed  descriptions  of  many  others.  In  the  fol- 
lowing descriptions  the  elevations  have  ordinarily  been  obtained  by 
the  use  of  aneroid  barometers.  The  distances  underground  were 
measured  by  pacing.  All  bearings  have  been  corrected  for  magnetic 
variation.  The  amount  of  space  devoted  to  a  prospect  is  no  measure 
of  its  economic  value. 

IiATOnCHE  ISLAND. 
KENNECOTT   COFFER    CORPORATION.' 

The  property  of  the  Kennecott  Copper  Corporation  is  on  the  west 
side  of  Latouche  Island,  about  2^  miles  from  the  north  end  of  ' 
the  island.  (See  PI.  XII.)  The  mill,  power  plant,  and  other  camp 
buildings  are  on  tidewater.  The  Beatson-Bonanza  mine,  on  the  Big 
Bonanza  No.  1  claim,  is  in  the  precipitous  western  face  of  a  low 
hill  about  half  a  mile  southeast  of  the  wharf.  The  Chinega  work- 
ings are  little  over  1,000  feet  north  of  the  Beatson-Bonanza  mine,  on 
the  Chinega  claim. 

The  ore  body  now  under  development  at  this  property  is  that  of 
the  Beatson-Bonanza  mine.  It  was  located  in  July,  1897.  The  first 
shipment  of  ore  is  said  to  have  been  made  in  November,  1899.  In 
recent  years  shipments  have  been  made  regularly,  and  the  mine  has 
steadily  increased  its  output.  An  oil  flotation  plant  was  put  into 
operation  in  1915,  and  both  crude  ore  and  dotation  concentrates  have 
since  been  shipped.  In  1916  the  capacity  of  the  mill  was  being 
largely  increased. 

A  large  private  wharf  furnished  landing  facilities  for  ocean- 
going steamers.  A  tram  line,  covered  with  snowsheds,  connects  the 
wharf  with  ore  bunkers,  store,  mill,  and  the  Beatson-Bonanza  work- 
ings. Large  ore  bunkers  have  been  erected  on  the  wharf  and  on 
the  shore  near  by.  Bunk  houses,  mess  house,  staff  house,  ofiSce, 
store,  cabins,  hospital,  mill,  wireless  plant,  power  house,  and  crude- 
oil  storage  tanks  are  situated  along  the  shore  of  the  bay.  The  power 
plant  consists  of  boilers  fired  with  crude  oil,  steam  turbines,  air 

>  other  deBcrlptloDS  at  tble  corporatlon'B  propertj  on  Latouche  Island  are  glren  tn  tbe 
(ollowlng  publication  B ; 
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Lincoln,  F.  C.  Tbe  Big  Bonania  copper  mine.  Latonche  Iiland,  Alaska :  Econ.  Geologir. 
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compressors,  and  dynamos.  The  mill  is  electrically  operated,  and 
the  entire  property  above  ground  and  part  of  the  mine  are  elecv- 
trically  lighted.    Air  drills  are  used  in  the  mine. 

The  underground  workings  of  the  Beatson-Bonanza  mine  in 
October,  1916,  comprised  a  large  open  cut  (the  Bluff  pit),  workings 
on  the  face  of  the  bluff,  several  tunnels  in  the  face  of  the  bluff,  sev- 
eral large  open  cuts  on  the  top  of  the  hill  east  of  the  bluff,  the  main 
level,  with  nearly  6,000  feet  of  drifts  and  crosscuts,  several  raises 
to  the  Bluff  pit,  a  100-foot  winze  from  the  main  level  to  the  100- 
foot  level,  and  about  1,750  feet  of  workings  on  the  100-foot  level.  A 
main  working  shaft  has  also  been  started  near  the  mill  and  connected 
with  the  main  level. 

On  the  adjacent  Chinega  claim  the  underground  developments  arc 
reported  to  consist  of  two  tunnels,  some  drifts,  and  a  raise,  aggre- 
gating a  few  hundred  feet. 

The  ore  taken  from  the  Beatson-Bonanza  mine  is  of  two  grades — 
a  shipping  ore  and  a  milling  ore.  The  higher-grade  ore  is  shipped 
direct  to  the  Taooma  smelter.  The  lower-grade  ore  is  crushed  and 
classified,  and  the  sulphides  are  recovered  by  an  oil-flotation  process. 
The  concentrates,  after  drying,  are  shipped  to  the  Tacoma  smelter, 

The  country  rock  on  this  property  consists  of  an  interbedded  series 
of  sedimentary  rocks  disturbed  by  many  small  strike  and  dip  faults, 
and  minor  drag  folds.  The  rocks  range  from  very  fine-grained  black 
slate  and  argillite  and  light-gray  structureless  chert  to  coarse-grained 
light-gray  graywacke  and  conglomerate.  At  the  Beatson-Bonanza 
mine  graywacke,  chert,  slate,  and  argillite  form  the  country  rock  of 
the  ore  body.  Between  the  mine  and  the  shore  is  a  wide  slate  belt, 
and  on  Powder  Point  occur  conglomerate  and  graywacke.  The 
strike  of  the  sedimentary  rocks  near  the  Bonanza  ore  body  is  about 
N.  20°  E.  and  the  prevailing  dip  is  6o°-70''  W.  Steep  easterly  dips 
appear  locally  short  distances  west  and  north  of  the  Beatson-Bonanza 
workings.  No  igneous  rocks  are  known  to  occur  in  the  vicinity  of 
the  ore  bodies. 

The  Beatson-Bonanza  ore  body  consists  of  a  roughly  lenticular 
miner&lized  mass  of  shattered  and  sheared  sedimentary  rocks.  The 
steeply  westward-dipping  interbedded  sediments  of  the  ore  zone  are 
cat  by  a  linked  system  of  faults  inclosing  large  horses  of  coimtry 
rock  surrounded  by  softer  sheared  material.  On  the  lower  Iftvel  the 
ore  body  has  a  northeasterly  strike  and  a  steep  westerly  dip.  On  the 
main  level  the  strike  is  slightly  more  northerly.  The  hanging  wall 
of  the  ore  zone  is  sharp  and  definite.  On  the  footwall  side  the  ore 
gradually  fades  out  into  the  massive  graywacke.  The  ore  has  been 
formed  by  replacement  and  impregnation  of  the  country  rock  and 
filling  of  "fractures.  The  soft  sheared  material  surrounding  the  horses 
103210°— 18— Bull.  862 14 
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of  country  rock  is  largely  replaced  by  sulphides.  Lenses  of  solid 
sulphides  as  much  as  10  feet  in  thickness  occur  in  places  close  to  the 
hanging  wall.  Much  of  the  graywacke  within  the  ore  body  contains 
disseminated  chalcopyrite. 

The  ore  body  on  the  Chinega  claim  is  reported  to  be  a  shear  zone 
containing  chalcopyrite  and  other  sulphides  in  streaks  of  solid  sul- 
phides as  ■well  as  disseminated  through  the  sheared  material. 

The  primary  metallic  minerals  in  the  Bonanza  ore  include  chalco- 
pyrite, pyrrhotite,  pyrite,  sphalerite,  galena,  silver,  and  gold.  Traces 
of  arsenic  and  nickel  have  been  revealed  by  assays.'  Chalcopyrite 
is  the  only  copper-bearing  mineral  present  in  the  primary  ore. 
Chalcopyrite,  pyrrhotite,  and  pyrite  are  the  dominant  sulphides; 
sphalerite  occurs  in  much  smaller  amounts,  and  there  is  only  a  little 
galena.    Only  a  trace  of  gold  is  shown  by  assays. 

The  primary  nonmetallic  minerals  form  but  a  small  percentage  of 
the  ore.  They  include  quartz,  a  brown-weathering  cream-colored 
carbonate  (probably  the  same  mineral  referred  to  by  Lincoln*  as 
ankerite),  calcite,  and  chlorite.  Secondary  minerals,  formed  by  the 
weathering  of  the  outcrop  of  the  ore  body  and  by  the  weathering 
of  ore  pebbles  in  the  overlying  talus  and  glacial  till,  include  natire 
copper,  covellite,'  chalcocite,  malachite,  and  limonite. 

RETNOUM  ALASKA  DEVELOPMENT  CO. 

The  Beynolds  Alaska  Development  Co.  holds  several  claims  on 
HorseElioe  Bay,  on  the  west  coast  of  Latouche  Island,  about  2  miles 
southwest  of  the  Beatson-Bonanza  mine.  The  company  has  built  a 
small  town  on  the  shore  of  Horseshoe  Bay.  A  corduroy  road  leads 
from  the  shore  Ciimp  to  the  mine  workings  on  the  Duke  and  Duchess 
claims,  at  elevations  of  approximately  150  and  400  feet,  respectively, 
and  distances  of  half  and  three-quarters  of  a  mile  from  the  shore  of 
Horseshoe  Bay. 

The  ore  bodies  on  this  property  are  said  to  have  been  located  about 
1898.  Grant  *  states  that  in  1905  a  50- foot  tunnel  had  been  run  on 
the  Bouthem  ore  body  and  a  branching  tunnel  300  feet  in  length 
driven  on  the  Duchess  claim.  In  1907  a  shaft  was  sunk  on  the  Duke 
claim  and  a  small  amount  of  ore  was  shipped.  The  wharf,  electric- 
light  plant,  trading  store,  and  a  number  of  houses  were  also  erected 
during  that  year.*    in  1908'  the  shaft,  reported  to  be  100  feet  deep, 

1  LlncolD,  P.  C.  Tbe  Big  BoaanzB  copper  mine,  Latoncbc  leland,  Alukft :  Eeon.  Gtalogr. 
Tol.  4,  p.  209.  1909. 

■Idem.,  p.  £12. 

■  Gnuit.  C.  S,,  Copper  &Dd  other  mineral  Tcsonrces  of  Prince  WUIlam  SoaDd ;  U.  S., 
Oeol.  Surrey  Bull.   SS4.  p.  B5,  1900. 

'Mofllt,  P.  H.p  Note»  on  copper  proipecto  o(  Prince  William  Sonnfl:  V.  8.  GeoL  Bnrvej 
Bull.  84a,  p.  1T8,  190S. 

■Grant,  U.  8.,  «Dd  Hlgglna,  D.  F.,  Copper  mlnliig  nod  pratp^tta^  oq  PtIbcq  WUUUIt 
9<ras4 1  C.  e.  Q«9l>  8arT«r  Bnld  9^9,  pp.  SS-eo,  lOOO, 
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with  a  crosscut  at  its  bottom  to  an  ore  body,  was  full  of  water.  At 
that  time  the  development  work  on  the  Duchess  claim  consisted  of 
ubout  2,000  feet  of  tunneling.  An  average  force  of  10  men  was  em- 
ployed in  1916.  The  shaft  on  the  Duke  claim  was  pumped  out,  and 
the  drifts  along  the  ore  body  were  extended.  On  the  Duchess  claim 
development  work  was  in  progress  on  the  lower  level. 

■  On  the  Duke  claim,  in  1916,  there  was  a  110-foot  two-compartment 
timbered  shaft,  with  a  200-foot  crosscut  100  feet  below  the  collar  of 
the  shaft,  cutting  the  ore  body  100  feet  from  the  shaft,  and  with 
drifts  44  and  67  feet  in  length  along  the  footwall  of  the  ore  body  to 
the  south  and  to  the  north,  respectively.  A  crosscut  waa  also  being 
started  west  from  the  shaft  at  the  100-foot  level.  A  short  distance 
southeast  of  the  shaft  a  60-foot  tunnel  has  been  driven  southward 
along  a  solid  sulphide  lens.  On  the  north  side  of  the  creek,  north  of 
the  shaft,  a  prospecting  tunnel  has  been  driven.  Some  stripping 
and  open-cut  work  has  also  been  done.  The  Duchess  workings  com- 
prise two  main  tunnels  at  elevations  of  approximately  400  and  500 
feet,  with  drifts  and  crosscuts  aggregating  1,000  and  1,800  feet,  re- 
spectively, a  10-foot  tunnel  at  an  elevation  of  about  630  feet,  and 
some  open  cuts  and  strippings. 

Surface  improvements  other  than  those  previously  mentioned  in- 
clude the  power  plant  on  the  shore  of  the  bay,  consisting  of  flume  and 
pipe  line  leading  to  a  Pelton  wheel  belt-connected  to  one  alternating- 
current  generator  and  one  direct-current  generator;  transmission 
lines  to  both  the  Duke  and  the  Dutchess  workings;  a  continuous- 
current  electric  motor  gesir-connected  to  hoist,  a  small  motor-driven 
fan  for  ventilating,  a  motor,  and  an  electric  pump  at  the  Duke  shaft; 
a  motor  (belt-connected  to  air  compressor),  air  line,  and  drills  on  the 
Duchess  claim;  and  buildings  near  both  workings.  A  stream  run- 
ning through  the  property  furnishes  water  power. 

The  countiy  rock  in  the  vicinity  of  the  ore  bodies  consists  princi- 
pally of  interbedded  graywackes  and  black  slates.  There  is  also 
some  light-gray  slate,  a  little  chert,  and  a  small  amount  of  limestone. 
Beds  of  light-gray  siliceous  limestone  are  exposed  in  the  Duke  work- 
ings. The  bedding  of  these  sedimentary  rocks  strikes  N.  16''-38°  E,, 
and  the  dip  is  mostly  westward,  ranging  between  65°  W.  and  83"  E. 
There  is  some  faulting  more  or  less  parallel  to  the  strike  and  dip  of 
the  bedding.  One  gouge-filled  fault,  cut  in  the  lower  workings  on 
the  Duke  claim,  strikes  N.  30°  E.  and  dips  50°  W.  The  footwalls 
of  both  the  Duke  and  the  Duchess  ore  bodies  consist  of  thick  beds  of 
black  slate.    Graywacke  predominates  in  the  hanging  walls. 

Two  mineralized  bodies  of  rock  have  been  under  development  on 
this  property.  These  lie  along  a  northeastward  trending  line  and 
are  separated  by  a  heavily  covered  nnprospected  *rea  nearly  1,500 
feet  in  length,  in  which  a  small  exposiu^  of  ore  ^  ^id  to>  h^Lve  been 
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observed  in  the  bed  of  a  stream.  The  northeasterly  ore-bearing  body, 
developed  by  the  Duchess  workings  on  two  levels  about  100  feet  apart, 
consists  of  a  solid  sulphide  lens  with  a  developed  length  of  about  500 
feet.  The  thickness  of  this  lens  ranges  from  6  inches  to  122  feet, 
but  the  average  is  probably  between  23  and  30  feet.  Some  beds  of 
graywacke  and  black  slate  are  interbedded  with  the  sulphides  in  the 
thicker  portion  of  the  lens.  The  strike  of  this  sulphide  lens  is  a  little 
east  of  north,  and  the  dip  is  nearly  vertical.  A  shear  zone  1  inch  to 
8  feet  thick  follows  the  hanging  wall  of  the  lens,  and  a  little  ore  in 
stringers  and  lenses  occurs  scattered  through  the  sheared  materiaL 
Chalcopyrite  is  reported  to  be  more  abundant  in  this  shear  zone  than 
in  the  solid  sulphide  lens.  The  graywacke  hanging  wall  is  also 
slightly  mineralized. 

The  sulphides  in  the  ore  are  chiefly  pyrite  and  pyrrhotite,  Chal- 
copyrite is  the  copper-bearing  mineral,  and  sphalerite  and  galena  (!) 
are  also  present.  There  is  a  small  gold  and  silver  content.  Small 
unreplaced  remnants  of  limestone  are  visible  in  the  heavy  sulphide 
ore.  Some  quartz  is  present  in  the  ore,  and  small  sulphide-bearing 
quartz  stringers  occur  in  the  country  rock  adjacent  to  the  ore  body. 

On  the  Dnke  claim  the  width  of  the  outcrop  of  the  mineralized 
zone  appears  to  be  between  200  and  250  feet.  The  shaft  develop- 
ments show  but  a  single  ore  body — a  westward-dipping  sulphide 
lens  with  a  maximum  thickness  of  27  feet  and  a  developed  length  of 
about  140  feet.  Where  this  lens  is  crosscut  the  hanging  wall  dips 
80°  E.  and  the  footwall  65°  W. ;  the  strike  is  about  N.  35"  E.  Iso- 
lated mineralized  croppings  occur  whose  relations  to  one  another 
and  to  the  sulphide  lens  shown  in  the  shaft  workings  are  not  known. 
A  60-foot  tunnel  has  been  driven  southward  along  a  5-foot  sulphide 
lens  a  short  distance  southeast  of  the  shaft.  This  lens  strikes  N. 
20°-45''  E.  and  dips  eC-TS"  W.  In  the  creek  north  of  this  tunnel 
10  feet  of  solid  sulphides  is  exposed,  and  another  outcrop  on  the 
north  side  of  the  creek  shows  6  feet  of  solid  sulphides. 

The  sulphides  in  the  Duke  ore  include  chalcopyrite,  pyrite,  and 
pyrrhotite.    Quartz  is  present  in  small  amounts  as  a  gangue  mineral. 

LATOCCHE  COPPER  MINING  CO. 

The  ore  body  under  development  on  the  property  of  the  Latouche 
Copper  Mining  Co.  is  on  the  Blackbird  claim,  about  half  a  mile 
north  of  the  Beatson-Bonanza  mine  of  the  Kennecott  Copper  'Cor- 
poration and  about  2,000  feet  from  the  shore.  The  ore  body  crops 
out  at  an  elevation  of  about  4.00  feet  above  sea  level,  and  the  mouth 
of  the  long  crosscut  tunnel  ^cing  entrance  to  the  workings  is  about 
200  feet  above  sea  level  and  1,500  feet  southeast  of  the  shore  end  of 
the  tram. 
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The  imderground  developments  on  the  property  consist  of  a 
crosscat  tannd,  about  7S0  feet  in  length,  commencing  op  the  White 
Wing  claim  and  driven  in  a.  direction  a  little  south  of  east,  cutting 
the  formation  nearly  at  right  angles  and  crosscutting  the  ore-bearing 
ground  on  the  Blackbird  claim.  There  are  also  about  600  feet  of 
drifts  and  crosscuts,  some  stopes,  and  raises,  one  of  which  reaches  the 
BDrface.  A  35-foot  croescot  tunnel  has  been  driven  a  few  feet  above 
sea  level  at  the  shore  end  of  the  tram. 

The  gurfa£e  developments  consist  of  numerous  open  cuts,  some 
ehallow  shafts,  trenches,  and  pits  on  and  across  the  ore  zone.  A 
blacksmith's  cabin  has  been  erected  at  the  mouth  of  the  long  cross- 
cut tunnel,  and  two  small  sheds  stand  near  by.  A  tram  line  connects 
this  tunnel  with  ore  bunkers  on  shore.  Several  hundred  tons  of 
copper  ore  is  said  to  have  been  shipped  from  this  property. 

The  country  rock  of  the  ore  body  includes  fine-grained  graywacke, 
black  and  gray  slates,  gray  chert,  silicified  limestone,  and  a  little 
calcareous  schist 

The  ore  deposit  consists  of  a  mineralized  brecciated  zone  of  inter- 
bedded  sedimentary  rocks.  The  width  of  the  mineralized  zone  at 
the  outcrop  is  about  40  feet,  and  the  length,  as  exposed,  is  about  325 
feet.  The  general  strike  of  the  outcrop  is  N.  5°  E.  Underground  the 
strikes  of  the  shears  within  the  ore  zone  range  from  N.  5°  E.  to  N. 
85°  E.  and  the  dip  from  75°  to  86°  W. 

Sulphide-bearing  quartz  stringers  and  lenses  occur  within  the  ore 
zone.  The  minerals  observed  in  the  ore  are  chalcopyrite,  pyrite,  pyr- 
rhotite,  sphalerite,  limonite,  quartz,  and  calcite. 

8E4TTLB-ALASKA    COPPER   CO. 

The  property  of  the  Seattle- Alaska  Copper  Co.  is  on  Montgomery 
Bay,  on  the  west  side  of  Latouche  Island,  about  2  miles  from  its 
south  end  and  6  miles  southwest  of  Latouche.  Part  of  the  camp 
buildings,  consisting  of  two  houses  and  two  sheds,  are  on  the  shore 
of  the  bay.  A  wet  trail  meanders  upward  through  timber  dotted 
with  open  spaces  from  the  camp  buildings  to  the  mineral  deposits 
under  exploitation.  At  an  elevation  of  700  feet,  near  timber  line, 
there  is  a  frame  house  and  a  wooden  mill  building.  The  mill  build- 
ing houses  a  Pelton  wheel  driving  an  air  compressor.  The  air  is 
piped  to  the  working  face  of  the  lower  tunnel.  Most  of  the  nulling 
machinery  has  been  removed  from  the  property,  and  only  a  crusher 
and  a  table  remain.  The  mill  is  reported  to  have  been  erected  about 
1911  and  to  have  run  only  a  short  time.  A  telephone  line  extends 
^m  the  mill  to  tiie  lower  tunnel. 

The  mine  workings  are  above  timber  line  in  the  north  wall  of  a 
weatward-faciiig  cirque  at  elevations  of  1^50  to  1,450  feet.   The  lower 
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tunnel,  at  an  elevation  of  1,1^  feet,  is  400  feet  in  length.  In  August, 
1916,  three  men  were  at  work  in  this  tunnel,  and  one  air  drill  was 
l)eing  operated.  The  next  higher  tunnel,  at  an  elevation  of  about 
1,350  feet,  has  about  400  feet  of  workings.  At  an  elevation  of 
l,4u0  feet  is  a  40-foot  tunnel,  just  above  which  is  an  open  cut  on  the 
outcrop  of  the  ore  body.  A  short  tunnel  is  reported  in  the  north  side 
of  the  same  ridge  in  which  the  above  tunnels  are  driven.  The  com- 
pany is  also  reported  to  own  several  claims  on  the  south  end  of 
Latouche  Island,  but  no  development  work  has  been  done  on  these 
claims  recently. 

The  country  rock  in  the  vicinity  of  the  ore  deposit  is  dominantly 
graywacke  with  a  small  amotmt  of  black  argillite  and  slate.  The 
strike  of  the  bedding  is  northeast,  and  the  dip  is  about  70°  W., 
with  some  vertical  and  some  steep  easterly  dips  on  the  limbs  of  small 
drag  folds. 

The  ore  body  is  apparently  a  mineralized  shear  zone  ranging  in 
width  from  an  inch  or  less  to  5i  feet.  The  strike  is  K.  SS^-SO"  E. 
and  the  dip  70''-80°  W.  An  open  cut  on  the  outcrop  of  the  ore 
body  exposes  a  mineralized  sheared  slaty  lens,  with  a  maximum 
width  of  3.3  feet,  containing  narrow  stringers  of  sulphides  parallel 
to  the  schistosity.  In  the  upper  tunnel  the  sheared  zone  is  only 
slightly  mineralized  and  has  a  maximum  width  of  3  feet.  The 
middle  tunnel  contains  two  drifts  20  and  50  feet  in  length  driven 
on  mineralized  shear  zones  ranging  from  18  to  66  inches  in  thickness. 

ChalcopyritA  is  the  predominant  sulphide  in  the  ore,  but  some 
pyrrhotite  and  a  little  sphalerite  were  alao  observed.  Gold  is  re- 
ported in  assays.  Quartz  is  present  in  small  amounts  as  a  gangue 
mineral, 

LATODCHE  ISLAND   COPPKR   MINING   CO.,  LTD. 

The  claims  of  the  Latouche  Island  Copper  Mining  Co.  (Ltd.)  are 
on  the  eastern  timbered  slope  of  Latouche  Island.  The  first  show- 
ings are  said  to  have  been  discovered  between  1897  and  1899.  Sev- 
eral hundred  feet  of  tunnels  have  since  been  driven  on  widely  scat- 
tered showings  at  elevations  ranging  from  sea  level  to  700  feet  above 
sea  level.  A  two-compartment  shaft  has  been  sunk  to  a  depth  of 
67  feet  on  one  of  the  claims,  and  two  log  cabins  and  a  large  frame 
bunk  and  mess  house  have  been  erected  near  by.  Several  small  ship- 
ments of  ore  are  said  to  have  been  made  since  1905,  Only  assess- 
ment work  is  reported  on  this  property  in  recent  years. 

The  country  rock  on  the  east  side  of  Latouche  Island  consists  of 
graywacke  in  beds  from  a  few  inches  to  several  feet  thick  interhedded 
with  some  black  slate  and  argillite  and  a  little  chert  The  bedding 
has  a  northeasterly  strike  and  dips  40''-6B°  W.    There  are  numerous 
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faults  parallel  or  nearly  parallel  to  the  bedding  in  strike  and  dip. 
Overtamed  drag  folds  show  in  places  along  the  shore. 

Many  mineralized  showings  are  reported  on  the  different  claims. 
Several  of  these  were  visited  in  1916,  but  only  the  more  promising 
ones  are  referred  to  here.  The  southernmost  ore  hody  examined  was 
a  10-foot  mineralized  shear  zone  carrying  considerable  chalcopyrite 
exposed  in  a  creek  bank  at  an  elevation  of  about  600  feet  above  sea 
level  and  also  crosscut  by  a  tunnel  about  50  feet  lower.  On  accotmt 
of  the  heavy  timber  cover  no  attempt  has  been  made  to  determine 
the  length  of  this  depost  On  'ihe  Alameda  claim  the  graywacke 
along  shore  is  mineralized  for  widths  ranging  from  4  to  40  feet, 
and  this  mineralized  zone  is  traceable  for  some  distance.  Chal- 
copyrite occurs  in  small  bunches  and  stringers  scattered  through 
this  zone  hut  is  said  to  be  the  most  abundant  in  a  belt  4  to  10  feet 
in  width.  On  another  claim  to  the  north  of  this  one  a  4- foot  mineral- 
ized shear  zone  is  exposed  for  a  short  distance.  All  the  ore  bodies 
are  parallel  or  nearly  parallel  to  the  strike  and  dip  of  the  bedding 
of  the  country  rock.  Chalcopyrite,  pyrrhotite,  sphalerite,  and  quartz 
are  the  usual  ore  minerals. 

PBOSPBCTS  ON  KNIQHT  ISLAND. 


A  10-foot  adit  has  been  driven  at  sea  level  on  a  poorly  delimited 
shattered  zone  in  the  greenstone  on  the  south  side  of  Disk  Island. 
This  zone  strikes  N.  55°  E.,  dips  75°  E.,  and  is  traceable  for  about  50 
feet  to  the  point  where  it  disappears  under  cover.  It  has  a  maximum 
width  of  4J  feet.  The  country  rock  consists  of  fine-grained  dark- 
green  greenstones  and  coarser  light-colored  greenstones.  The  shat- 
tered greenstone  is  both  silicified  and  epidotized,  and  the  ore  con- 
tains, besides  quartz  and  epidote,  the  sulphides  pyrite,  pyrrhotite,  and 
chalcopyrite.  Malachite  and  azurite  occur  as  surficial  oxidation 
products.  Pyrite  also  occurs  in  the  joint  cracks  of  the  hanging-wall 
greenstone. 

A  little  development  work  has  been  done  on  some  slightly  miner- 
alized areas  near  the  head  of  Louis  Bay.  Two  tunnels,  each  about  10 
feet  in  length,  have  been  driven  just  above  high-tide  level  on  small 
mineralized  shear  zones  in  greenstone.  These  two  shear  zones  are 
about  20  feet  apart.  The  northern  one  has  a  maximum  width  of  2.3 
feet,  strikes  N.  50°  E.,  and  dips  75°  S.  Quartz,  epidote,  chalcopyrite, 
and  pyrite  occur  in  the  crushed  and  shattered  greenstone.  The  south- 
em  shear  zone  strikes  N.  65°  E.  and  dips  60°  S.  A  short  distance 
north  of  these  two  tunnels  and  a  little  higher  is  an  open  cut  on  an 
indefinitely  delimited  area  of  shattered  greenstone,  cemented  by 
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quartz,  pyrite,  and  epidote.  The  greenstone  is  also  slightly  impreg- 
nated with  pyhte.  At  the  head  of  the  bay  a  little  open-cut  work 
has  been  done  on  a  narrow  shear  zone  in  greenstone.  This  zone 
strikes  S.  75°  E.  and  dips  85"  N.  Pyrite  was  the  only  sulphide 
observed  in  specimens  from  this  locality. 

About  IJ  miles  south  of  the  bead  of  the  bay  over  a  graded  trail 
there  are  two  short  tunnels  driven  in  the  greenstone  ridge  at  the  head 
of  the  valley.  The  lower  tunnel,  at  au  elevation  of  540  feet,  is  about 
90  feet  long,  with  a  15-foot  crosscut.  A  narrow,  poorly  defined 
shear  zone  is  visible  in  the  bluff  over  the  tunnel  mouth,  but  no  ore 
was  seen.  The  other  workings,  at  an  elevation  of  830  feet,  consist 
of  a  tunnel  about  75  feet  in  length  with  a  short  drift  and  a  winze  at 
the  jimction  of  the  drift  and  main  tunnel.  Both  the  winze  and  the 
drift  were  full  of  water  in  October,  1916.  The  greenstone  country 
rock  is  somewhat  sheared,  but  the  shear  zones  are  narrow,  short,  and 
only  slightly  mineralized.  Quartz,  epidote,  chlorite,  chalcopyrite, 
pyrrhotite,  sphalerite,  and  pyrite  form  the  ore  minerals. 

UERBING  BAr. 

A  little  development  work  has  been  done  on  Herring  Bay  on  pros- 
pects fo/merly  belonging  to  the  Crown  Copper  Co.  The  prospects 
examined  are  at  slight  elevations  above  sea  level  and  only  a  short 
distance  from  the  shore.  A  tunnel  30  feet  in  length,  with  a  10-foot 
drift  to  the  north,  has  been  driven  at  an  elevation  of  110  feet  in 
slightly  shattered  massive  greenstone.  Epidote  stringers  occur  in  the 
greenstone  country  rock,  but  no  well-defined  vein  or  shear  zone  was 
observed.  No  ore  was  found  in  place  in  the  tunnel,  but  the  few  speci- 
mens of  ore  seen  on  the  dump  at  tlie  mouth  of  the  tunnel  contained 
quartz,  epidote,  pyrite,  pyrrhotite,  and  clialcopyrite.  There  are  some 
strippings  and  open  cuts  across  the  south  end  of  a  low  hill  west  of 
this  tunnel.  The  country  rock  is  a  shattered  grucnstone  which  is 
slightly  mineralized  at  the  western  open  cut.  What  ore  there  was  at 
this  locality  must  have  occurred  in  ^ery  small  lenses  and  stringers  in 
the  greenstone.  None  is  visible  in  place  now.  A  few  ore  specimens 
found  on  adjacent  dumps  contained  quartz,  pyrite,  pyrrhotite  (?), 
sphalerite,  and  chalcopyrite. 

A  little  farther  north  on  this  same  ridge  is  an  open  cut  on  shattered 
and  slightly  sheared  greenstone.  The  shearing  strikes  N.  15°  W.  and 
dips  about  90°,  A  small  amount  of  sulphides  is  distributed  through 
a  zone  which  is  stripped  for  a  width  of  about  15  feet  and  is  traceable 
continuously  for  about  the  same  distance.  The  largest  sulphide 
stringer  was  about  2  inches  thick  and  about  3  feet  long.  The  miner- 
alization is  irregular  and  very  slight.  Sphalerite,  chalcopyrite,  and 
pyrite  are  the  principal  sulphides. 
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On  the  east  side  of  the  northeast  arm  of  Lower  Herring  Bay,  about 
halfway  to  the  bead  of  the  arm,  a  short  tunnel  has  been  driven  on  a 
nearly  flat-lying  stringer,  1  to  6  inches  thick,  which  cuts  the  green- 
stone country  rock.  Epidote  is  the  predominant  gangue  mineral, 
and  pyrite  is  the  must  abundant  sulphide.  Only  a  very  little  chalco- 
pyrite  is  present 

BAT  OF  ISLEg. 

The  development  work  on  the  Pandora  property,  on  the  Bay  of 
Isles,  has  been  done  at  an  elevation  of  380  feet  above-sea  level  on  ttie 
west  bank  of  a  small  stream  that  flows  into  the  long  southern  arm  of 
the  bay.  On  the  shore  of  the  bay  two  cabins  have  been  erected,  and  a 
trail  extends  from  that  point  to  the  workings,  which  are  below  timber 
line.  The  surface  developments  near  tiie  ore  body  include  two  small 
sheds  and  a  head  frame  for  a  shaft.  Some  open  cuts  and  strippings 
have  been  made  on  the  ore  body.  The  underground  work  consists  of 
an  85- foot  tunnel  with  two  drifts  15  and  20  feet  in  lengUi,  a  crosscut 
35  feet  long,  and  a  shaft  sunk  to  a  reported  depth  of  95  feet.  At  9 
feet  ^m  the  bottom  of  the  shaft,  it  is  reported,  drifts  were  opened 
on  the  ore  for  65  feet  in  one  direction  and  45  feet  in  the  other.  Cross- 
cuts were  also  driven  short  distances  into  both  hanging  and  foot  walls 
at  a  depth  of  about  65  feet  and  into  the  hanging  wall  at  the  lower 
level.  Twelve  or  thirteen  men  were  at  work  on  the  property  early  in 
1916,  bat  work  was  discontinued  about  the  middle  of  June,  and  the 
shaft  was  full  of  water  in  September. 

The  ore  deposit  consists  of  several  nearly  parallel  slightly  mineral- 
ized shear  zones  in  greenstone  that  incloses  large  uusheared  horses  of 
greenstone,  around  which  tho  shear  zones  wrap  and  meet  in  strike  and 
dip.  The  width  of  the  sheared  belt  is  at  least  100  feet.  The  width  of 
the  individual  shears  ranges  from  2  to  20  feet  The  general  strike  of 
the  sheared  zone  is  N.  10° -15"  W.,  and  the  dips  recorded  on  the  sepa- 
rate shear  zones  are  65°-80"  E.  The  ore  was  formed  by  replacement 
and  impregnation  of  the  sheared  material  and  as  a  filling  of  fissures. 
Sulphide  lenses  as  much  as  15  inches  thick  were  observed,  and  the 
shaft  is  said  to  have  been  sunk  on  5  feet  of  good  copper  ore.  The  ore 
minerals  are  chalcopyrite,  chalmersite,  pyrrhotite,  and  quartz. 


The  Copper  Bullion  claims,  forming  the  Hua  property,  as  it  is  com- 
monly called,  are  on  the  east  fdde  of  Knight  Island  about  half  a  mile 
northwest  of  Itua  Cove,  an  exposed  indentation  about  midway  in  the 
east  coast  of  the  island.  The  workings  are  below  timber  line,  at 
elevations  of  S60  to  750  feet  above  sea  level    A  trail  leads  from  the 
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northwest  comer  of  Saa  Cove,  past  a  cabin  at  an  elevation  of  200 
feet,  to  the  entrance  of  the  lower  tunnel.  Here  there  is  a  blacksmith 
shop.  This  tunnel,  about  365  feet  in  length,  with  crosscuts  5,  35,  35, 
and  60  feet  in  length,  was  the  only  underground  work  seen  on  the 
property.  The  surface  developments  consist  of  numerous  open  cuts 
and  strippings  on  the  outcrop  of  the  ore  body. 

The  country  rock  is  dominantly  greenstone,  some  of  which  shows 
an  ellipsoidal  structure,  but  some  cherty  and  quartzitic  rocks,  pos- 
sibly of  sedimentary  origin,  occur  in  the  outcrop  of  the  ore  body  at 
an  elevation  of  about  700  feet. 

The  ore  body  on  the  Copper  Bullion  claims  appears  to  be  a  linked 
63'stem  of  mineralized  shear  zones  inclosing  large  horses  of  unsbeared, 
nnmineralized  country  rock.  The  general  strike  of  this  system  of 
shear  zones  ig  about  N.  80°  E.,  and  the  dip  is  55°-7S°  W.  The  ore 
exposures  are  on  a  southward-facing  mountain  slope  between  eleva- 
tions of  360  and  750  feet.  Above  this  point  beds  of  massive  unmin- 
eralized  greenstones  overlie  the  ore  body.  Another  ore-bearing  out- 
crop is  reported  farther  north,  however,  where  a  creek  is  said  to  have 
cut  down  through  these  overlying  lavas  and  exposed  a  mineralized 
shear  zone.  The  tunnel  at  S60  feet  above  sea  level  is  started  on  a 
shattered,  slightly  iron-stained  zone  in  the  greenstone.  The  first  300 
feet  of  the  tunnel  contained  no  ore.  A  crosscut  driven  to  the  east  at 
this  point  is  for  its  entire  length  in  more  or  less  mineralized  green- 
stone. The  35-foot  crosscut  to  the  west  at  the  face  of  the  tunnel 
crosses  a  27-foot  ore-bearing  shear  zone,  the  western  contact  of  which 
has  a  strike  of  N.  30°  E.  and  a  dip  of  75°  W.  At  an  elevation  of  600 
feet  above  tidewater  a  mineralized  shear  zone  50  feet  in  width  strikes 
N.  5°-20''  E.  and  dips  65°  E.  At  an  elevation  of  540  feet  and  a  little 
west  of  this  shear  zone  is  another  mineralized  shear  zone  which  forms 
B  well-marked  gulch  in  the  hillside.  This  zone  strikes  N.  25°  E., 
dips  60°  W.,  and  has  a  width  of  several  feet.  Its  hanging  wall  is 
massive  unmineralized  ellipsoidal  greenstone.  At  an  elevation  of 
610  feet  the  two  last-mentioned  shear  zones  join,  and  the  combined 
zones  extend  up  to  an  elevation  of  about  750  feet,  where  the  outcrop 
pinches  out  beneath  overlying  greenstone  flows.  A  trench  90  feet  in 
length  has  been  cut  across  the  outcrop  of  the  ore  body  at  an  elevation 
of  about  700  feet.  Lenticular  masses  of  country  rock  are  included 
within  this  ^ear  zone,  but  the  western  45  feet  is  nearly  solid  sul- 
phides, and  much  of  the  remaining  width  is  mixed  ore  and  country 
rock, 

Pyrrhotite  is  the  predominant  sulphide  of  the  ore  body,  although 
some  chalcopyrite  is  always  present  Quartz  also  occurs  associated 
with  the  sulphides. 
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DRIEIt  BAY. 
70VSBY  OSOVP. 

The  Jo&esy  group  of  claims,  at  the  head  of  Drier  Bay,  includes  the 
ore  deposit  formerly  known  as  the  Bald  Eagle.  Considerable  devel- 
opment  work,  including  the  erection  of  wharf,  offices,  ore  bunkers, 
steam  power  plant,  and  aerial  tram,  was  done  on  this  property  about 
1907.'  Of  these  improvements  but  two  log  cabins  remain.  The  ore 
body,  on  which  about  350  feet  of  underground  work  has  been  done, 
is  about  half  a  mile  east  of  the  head  of  the  bay,  at  an  elevation  of 
tibout  1,000  feet.  The  country  rock  is  greenstone.  In  the  vicinity 
of  the  ore  deposit  a  linked  system  of  shear  zones  has  been  developed, 
and  narrow  bands  of  green  schist  wrap  around  horses  of  the  massive 
greenstone.  A  narrow  dike  of  fine-grained  dark-colored  basic  rock 
has  been  intruded  along  one  of  the  larger  shear  zones.  These  shear 
zones  are  more  or  less  mineralized.  The  tunnel  is  driven  on  a  zone  of 
schistose  greenstone  which  strikes  N.  15°  W,  and  dips  approximately 
vertically.  About  75  feet  east  of  the  mouth  of  the  tunnel  another 
shear  zone,  darker  colored  and  more  mineralized,  crops  out.  This  zone, 
which  forms  the  main  ore  deposit,  has  been  crosscut  in  the  tunnel  and 
opened  by  drifts  for  about  100  feet  It  strikes  X.  15°  E.  and  dips 
.  65°  E.  The  width  varies  from  less  than  an  inch  to  8  feet.  A  winze 
reported  about  20  feet  deep  has  been  sunk  on  this  shear  zone,  and 
some  of  the  ore  in  the  north  drift  has  been  stoped  out.  Chalcopyrite 
and  pyrrhotite  are  the  ore  minerals. 

■OHABOH  OLAIK. 

The  Monarch  claim  is  about  1^  miles  northwest  of  the  head  of  the 
northern  arm  of  Drier  Bay.  A  trail  leads  from  the  shore  to  the 
underground  workings,  at  an  elevation  of  about  700  feet.  These 
workings  aggregate  about  320  feet  in  length.  "So  definite  ore  body 
was  seen  underground.  The  rock  on  the  dump  ^ows  a  small  amount 
of  pyrite  and  chalcopyrite  impregnating  a  somewhat  sheared  green- 
stone. Epidote  and  quartz  were  present  as  gangue  minerals.  An 
iron-stained  outcrop  is  reported  to  occur  in  the  hills  above  the  tunnel, 
but  could  not  be  located. 

XSIQEIB  I8LASD  AX.ASXA  00r?ZB  00. 

The  property  of  the  Eiiights  Island  Alaska  Copper  Co.  is  located 
on  an  eastern  arm  of  Drier  Bay,  known  as  Northeast  Cove  and  Kiacco 
Cove.  A  cabin  stands  on  the  northeast  shore  of  the  cove,  and  a  trail 
leads  from  this  point  past  another  cabin  in  a  low  saddle  700  feet 
above  sea  level  to  the  underground  workings  one-third  mile  (in  an 
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air  line)  northeast  of  the  cove,  at  an  elevation  of  950  feet.  The 
underground  workings  consist  of  a  crosscut  tunnel  about  650  feet  in 
length,  three  drifts  20,  40,  and  60  feet  in  length,  a  winze,  and  a  raise. 
The  country  rock  is  greenstone.  A  very  slightly  mineralized  zone  of 
sheared  greenstone,  about  55  feet  in  width,  was  cut  near  the  inner  end 
of  the  tunnel,  and  two  drifts  were  run  in  it.  The  winze  was  sunk  on 
a  5-foot  portion,  which  was  somewhat  more  mineralized  than  the  rest 
of  the  zone,  and  a  raise  was  started  above  the  winze.  The  outcrop 
of  the  ore  body  lies  at  an  elevation  of  about  1,200  feet  The  sheared 
belt  strikes  about  Jf,  15°  E.  and  appears  to  be  traceable  for  a  few 
hundred  feet.  The  width  of  the  shear  zone  ranges  from  20  to  50  feet, 
but  the  walls  are  very  indefinite  and  the  zone'  includes  horses  of  un- 
sheared  greenstone.  A  fine  network  of  quartz  stringers  shows  in  the 
outcrop  of  the  shear  zone.  The  zone  is  only  slightly  mineralized  as  a 
whole,  but  in  some  places  short  bunches  or  lenses  of  solid  or  nearly 
solid  sulphides  occur  in  the  sheared  greenstone.  A  shallow  shaft  has 
been  sunk  on  one  lens  7  feet  wide  composed  mostly  of  sulphides. 
Another  sulphide  lens  2  feet  thick  was  observed.  The  minerals  in 
the  ore  consist  of  chalcopyrite,  chalmersite,  sphalerite,  pyrrhotite,  and 
quartz.  Basic  dikes  1  inch  to  12  inches  thick  and  irregular  masses  of 
basic  igneous  roclis  cut  and  intrude  the  mineralized  shear  zone. 
oorrEB  aon  oboqp. 
The  Copper  Coin  group  is  on  the  south  side  of  Drier  Bay,  between 
Barnes  Cove  and  Mallard  Bay,  on  a  prospect  formerly  the  property 
of  the  Bussell  Ball  Copper  Co.  But  little  development  work  has 
been  done  on  the  property  since  it  was  visited  by  Grant  and  Higgins' 
in  1908.  A  cabin  stands  near  the  shore  and  a  trail  leads  from  the 
cabin  to  the  workings.  A  wire-rope  aerial  tram,  in  operation  in 
1908,  is  now  out  of  commission.  The  underground  davelopments 
consist  of  a  60- foot  adit,  some  short  crosscut  tunnels,  and  soma  open 
cuts.  The  adit,  at  an  elevation  of  about  550  feet  above  sea  level,  is 
driven  on  an  iron-stained  shear  zone  in  greenstone.  This  shear  zone 
strikes  N,  10°  W.,  dips  70°  E.,  and  ranges  in  width  from  10  inches 
to  10  feet  The  widest  part  of  the  zone  is  at  the  mouth  of  this  tun- 
nel, and  here,  in  the  shear,  are  several  lenses  of  solid  sulphides  from 
mere  seams  to  some  6  inches  in  thickness.  A  vein  of  solid  sulphides 
3  to  12  inches  thick  lies  along  the  footwall  of  the  shear  zone.  Con- 
siderable quartz  is  present  in  the  shear  zone  in  places.  At  40  feet 
above  the  tunnel,  in  the  outcrop  of  the  shear  zone,  here  8  feet  in 
width,  is  a  quartz  lens  32  inches  thick.  The  shear  zone  extends  a 
considerable  distance  both  up  and  down  hill  from  the  adit  tunnel. 
At  its  lower  end  the  zone  is  wider,  appears  to  be  less  well  defined, 
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and  contains  horses  of  unsheared  greenstone  country  rock  around 
which  the  sheared  material  wraps.  The  mineralization  here  is  also 
less  concentrated  than  at  the  tunneL  The  minerals  recognized  in 
the  ore  from  this  property  are  chalcopyrite,  chalmemte,  pyrrhotite, 
and  quartz.  Ldmonite  as  a  surficial  product  of  weathering  is  present 
in  the  outcrop  of  the  ore  hody. 

MALIAWP  OBOUP. 

The  Mallard  group  of  claims  is  at  an  elevation  of  1,500  feet  in  a 
gap  at  the  head  of  Mallard  Bay,  The  only  development  work  con- 
sists of  a  shallow  shaft  and  some  open  cuts.  The  country  rock  is 
entirely  greenstone.  The  ore  body  appears  as  a  large  curved  shear 
zone  in  greensttme  with  smaller  shears  wrapping  around  lenticular 
horses  of  massive  greenstone  along  the  footwalls  of  the  main  zone. 
This  zone  makes  a  marked  depression  in  the  gap,  and  at  the  time  of 
visit  in  September,  1916,  this  depression  was  filled  with  snow,  so  that 
the  major  portion  of  the  ore  body  was  not  visible.  The  footwall  of 
the  main  shear  zone,  a  steep  bluff,  strikes  X.  S5°  E.  at  its  south  end 
and  curves  gradually  to  N.  80°  E.  at  the  north  end.  The  dip  is 
W-75°  W.  The  eiQtct  width  of  the  main  shear  zone  was  indeter- 
minate on  account  of  the  snow  cover  but  probably  does  not  exceed 
about  20  feet.  The  part  visible  in  September,  1916,  was  along  the 
footwall  in  the  northeastern  half  of  the  ore  body.  The  main  part  of 
the  ore  body  is  said  not  to  have  been  exposed  at  the  time  of  visit, 
but  ore  carrying  B  per  cent  of  copper  is  reported  in  the  shaft.  The 
minor  shears  exposed  along  the  footwall  are  small  and  slightly  min- 
eralized. The  ore  minends  seen  in  specimens  collected  from  this 
property  are  epidote,  pyrite,  chalcopyrite,  and  quartz.  Gold  is  also 
reported. 

VELIIX  OBOUP. 

The  Nellie  group  of  claims  is  located  over  a  mineralized  shear  zone 
that  crosses  a  deep  gulch  about  one-third  mile  northeast  of  the  head 
of  Drier  Bay,  at  an  elevation  of  about  850  feet.  The  development 
work  on  the  property  consists  of  five  open  cuts,  a  6-foot  shaft,  and 
a  36-foot  adit  tunnel.  The  tunnel  is  driven  northward,  on  the  north 
bank  of  a  westward-flowing  stream,  in  a  mineralized  shear  zone, 
which  strikes  N.  25°  E.  and  dips  75°  E.  The  country  rock  is  green- 
stone. At  the  face  of  the  tunnel  the  shear  zone  is  9  feet  in  width. 
A  12-iach  band  of  sheared  greenstone  containing  a  2-inch  lens  of 
solid  sulphides  lies  along  the  west  wall  of  the  shear  at  the  face.  The 
rest  of  the  zone  at  this  point  is  filed  with  large  lenses  of  greenstone, 
around  which  narrow  strips  of  sheared  greenstone  wrap.  On  the 
south  side  of  the  creek  the  shear  zone  is  about  20  feet  wide  and  con- 
sists mostly  of  solid  greenstone,  with  sereral  layers  of  chlorite  schist 
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18  inches  or  less  thick.  At  bji  elevation  of  770  feet  on  the  south  Bide 
of  the  gulch  the  shear  zone,  here  9  feet  in  width,  is  made  up  largely 
of  a  dark  schistose  mineralized  rock.  The  southernmost  exposure 
of  this  shear  zone  is  at  an  elevation  of  900  feet,  where  there  was  a 
showing  15  inches  wide.  On  the  mountain  north  of  the  tumiel  the 
shear  zone  is  traced  by  scattered  outcrops  and  a  few  open  cuts  along 
its  general  strike,  though  it  can  not  be  said  definitely  that  these 
showings  are  all  in  the  same  shear  zone.  They  are  not  continuous, 
and  in  places  the  shearing  is  diffuse  and  the  zone  contains  much  mas- 
sive greenstone  and  little  schistose  material.  The  showings,  however, 
lie  in  a  comparatively  narrow  belt  trending  N.  7°-25°  E.  and  trace- 
able for  at  least  three-fourths  of  a.  mile.  At  an  elevation  of  1,200 
feet  on  the  mountain  north  of  the  tunnel  a  5-foot  shaft  has  been  sunk 
on  a  10-foot  shear  zone  in  greenstone,  the  strike  of  which  is  N*.  7°  E. 
and  the  dip  70°  E.  On  the  crest  of  the  ridge,  at  an  elevation  of 
nearly  1,400  feet  above  sea  level,  the  shear  zone  strikes  N.  25°  E., 
has  a  steep  easterly  dip,  and  ranges  from  4  to  12  feet  in  width.  The 
mineralization  is  slight  in  much  of  the  zone.  The  minerals  present 
in  the  ore  are  chalcopyrit«,  chalmersite,  pyrrhotite,  and  quartz.  Chal- 
mersite  was  observed  only  in  the  shallow  shaft. 

OTKES  FBOBFXOTB. 

Assessment  work  is  reported  in  1916  on  the  U  and  I  group  and 
on  the  Alhambra  group.  The  total  development  work  on  the  Al- 
hambra  group  is  reported  to  consist  of  two  tunnels,  60  and  100  feet 
in  length,  and  four  open  cuts. 

COPPER  BAT, 

A  tunnel  has  been  driven  just  above  high-tide  line  on  the  north- 
east shore  of  Copper  Bay.  Camp  buildings  have  been  erected  on  the 
shore  east  of  the  tunnel.  The  country  rock  is  a  fine-grained  dark- 
green  igneous  rock.  The  tunnel  is  driven  in  a  slightly  shattered 
greenstone  in  which  some  of  the  fractures  are  healed  by  epidote 
stringers  or  by  small  quartz  veins  carrying  epidote  and  sulphides 
associated  with  slight  sulphidic  impregnation  of  the  adjacent  conntry 
rock.  No  definite  ore  body  was  seen,  and  little  ore  could  be  found 
either  in  the  tunnel  or  on  the  dump.  The  minerals  present  in  the 
ore  specimens  collected  include  epidote,  quartz,  calcite,  pyrite  (i), 
pyrrhotite,  chalcopyrite,  and  sphalerite. 

BNua   HABBOB. 

On  the  north  side  of  the  entrance  to  Snug  Harbor  a  short  tunnel 
crosscuts  an  ore  body  which  appears  to  be  interbedded  with  the  slate 
and  grayw|i<^,    The  ore  body  crops  out  a  short  distance  west  of  the 
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tunnel  mouth,  where  it  has  a  width  of  2|  feet.  The  strike  is  N.  35° 
E.  and  the  dip  73°  W.  In  the  tmmel  a  slightly  more  easterly  strike 
and  a  nearly  vertical  dip  were  observed.  The  maximum  width  of 
mineralization  is  about  5}  feet.  In  places  there  are  lenses  of  solid 
sulphides  12  inches  thick.  Quartz,  sphalerite,  chalcopyrite,  and 
pyrrhotite  are  present  in  the  ore. 

hdUmy  bat. 


The  Minnie  claim  lies  east  of  the  head  of  the  northeast  arm  of 
Mummy  Bay,  at  an  elevation  of  700  feet.  An  adit  140  feet  in  length 
has  been  driven  on  a  small,  slightly  mineralized  shear  zone  in  a 
series  of  slate,  graywacke,  and  intrusive  greenstone.  Chalcopyrite 
sphalerite,  pyrrhotite,  and  quartz  are  the  ore  minerals.  A  little  sec- 
ondary native  copper  appears  on  the  weathered  outcrop  of  the  ore 
body. 

HOKE  OAXT  LODE. 

The  Home  Camp  lode  is  at  the  head  of  Mummy  Bay.  Between 
tlie  shore  and  an  elevation  of  75  feet  a  series  of  open  cuts  exp(«e  a 
belt  of  shearing  striking  N.  20°-30°  E.  A  shaft  about  7  feet  deep 
has  been  sunk  at  one  point.  The  maximum  width  of  the  mineralized 
shear  zone  as  stripped  is  10  feet,  and  the  ore  deposit  has  been  uncov- 
ered for  about  165  feet.  Several  small  sulphide  tenses  are  scattered 
through  this  mineralized  zone.  The  largest  lens  is  10  feet  in  length 
and  has  a  maximum  width  of  10  inches,  pinching  out  at  both  ends. 
The  mineralization  appears  to  be  confined  to  sedimentary  beds  (slate 
and  quartzite!)  included  in  the  greenstone.  A  crosscut  tunnel  15 
feet  in  length  has  been  started  at  a  slightly  lower  elevation  and  is 
being  driven  in  a  westerly  direction  to  cut  this  belt  of  sheared  sedi- 
ments. The  face  of  this  tunnel  is  in  black  slate,  the  cleavage  of 
which  dips  80°  W.  The  dip  of  the  mineralized  shear  zone  is  nearly 
vertical.  Quartz,  pyrrhotite,  chalcopyrite,  sphalerite,  and  chalmer- 
site  coi^itute  the  ore  minerals. 

HOOAN   BAT. 

The  only  ore  deposit  examined  in  1916  on  Hogan  Bay  ia  on  the 
south  side  of  the  bay  just  inside  the  entrance.  A  mess  house  and  a 
bunk  house  stand  on  the  mountain  side  at  an  elevation  of  about  125 
feet  above  sea  level  but  bear  no  evidences  of  recent  occupation.  A 
crosscut  tunnel  between  1,100  and  1,200  feet  in  length  has  been 
driven  40  feet  above  high  tide  about  300  feet  west  of  the  camp  build' 
ings.  The  country  rock  is  massive-bedded  graywacke.  This  tunnel 
haa  appowptly  not  reached  the  ore  body  for  which  it  wag  started,  (^ 
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vein  that  crops  out  farther  up  the  monntain  to  the  southeast-.  At  an 
eleTation  of  240  feet  another  tonnel,  260  feet  in  length,  has  been 
driven  in  a  graywacke  series  into  which  a  little  greenstone  has  been 
intruded.  The  bedding  near  the  mouth  of  the  tunnel  strikes  N.  25° 
E.  and  dips  70°  W.  At  190  feet  from  the  mouth  of  the  tunnel  drifts 
aggregating  105  feet  have  been  driven  in  both  directions  on  a  Bhat- 
tered  zone  1  to  4^  feet  in  width,  which  strikes  X.  30  W.  and  dips  45° 
W.  A  short  raise  has  been  carried  up  on  this  zone  in  each  drift.  The 
mineralization  is  confined  chiefly  to  a  narrow  belt  2  to  8^  inches 
thick  along  tiie  footwall  of  the  shattered  zone.  A  short  upper  tunnel 
is  reported  to  have  been  driven  at  an  elevation  of  450  feet  About 
2  feet  of  ore  is  reported  in  places  in  the  outcrop  of  the  vein.  Quartz, 
chalcopyrite,  sphalerite,  and  pyrrhotite  were  observed  in  the  ore. 
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THE  GOLD  PLACERS  OF  THE  TOLOVANA  DISmuCT. 


By  J.  B.  Mektie,  Jr. 


INTRODUCTION. 

LOCATION  AND  EXTENT. 

The  Tolovana  district  lies  in  the  northwestern  part  of  the  Fairbanks 
quadrangle,  in  the  headwater  region  of  Tolovana  Biver  and  Beas 
Creek.  (See  PL  XIH.)  At  present  active  tnining  operations  are 
con£ned  to  Livengood  Creek,  a  tributary  of  Tolovana  Kiver  enter- 
ing from  the  north  about  2  miles  above  the  mouth  of  the  West 
Fork,  and  to  several  smallffir  streams  which  drain  the  ridge  between 
Livengood  Creek  and  Tolovana  River. 

pBEVious  work: 

The  Tukon-Tanana  region  was  covered  by  reconnaissance  topo- 
graphic surveya  in  the  years  from  1902  to  1810.  That  portion  of  the 
Fairbanks  quadrangle  under  present  consideration  was  mapped 
topographically  in  1907  by  D.  C.  Witherspoon  and  E.  B.  Oliver  jan  a 
scale  of  1 :  250,000,  and  their  map  constitutee  the  base  for  the 
present  report. 

Geologic  exploration  of  the  headwater  r^on  of  Tolovana  and  Hees 
rivers  by  the  Geological  Survey  began  in  1 904,  when  L.  M.  Frindle  and 
F.  L.  Bees,  during  a  reconnaissance  from  Eagle  to  Rampart  by  way 
of  Fairbanks,  carried  a  geol<^c  travNse  across  the  Tolovana  district 
from  northeast  to  southweat.  In  1906  R.  W.  Stone  made  another 
geologic  reconnaissance  across  this  district,  in  going  from  Circle  to 
Fort  Baffllin.  In  1909  L.  M.  Prindle  and  B.  L.  Johnson  crossed  the 
southern  edge  of  the  district,  in  the  course  of  a  geologic  recon- 
naissance from  Circle  to  Rampart  by  way  of  Fairbanks.  Additional 
geologic  information  is  also  available  from  the  traverses  of  A.  B. 
Brooks  made  in  1902  and  1906,  both  of  which  passed  a  short  distance 
south  of  the  Tolovana  district. 

The  principal  Survey  pubUcations  that  have  a  direct  bearing  on 
the  geology  and  mineral  resources  of  the  Tolovana  district  are  as 
foUows: 

Priodle,  L.  H.,  aud  Heas,  P.  L.,  The  Ramputgold  placer re^on,  Alaska:  Bull.  280, 
1906. 
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Stone,  R.  W.,  A  lecoantuBBance  from  Circle  to  Fort  Hamlin,  Alaska:  Bull.  284, 
pp.  128-131, 1905. 

Piindle,  L.  M.,  The  PairbanJkB  and  Rampart  quadianglea,  Alaska;  Bull.  337, 1908. 

Piiudle,  L.  M.,  Sketch  of  the  geology  of  the  northeastern  part  of  the  FurbanlcB 
quadrangle,  Alaska:  Bull.  442,  pp.  203-209,  1910. 

Prindle,  L.  H.,  A  geologic  KconnaisBance  of  the  FairbanliB  quadnmgle,  Alaska: 
Bull.  526, 1913. 

Brooka,  A.  H.,  Prelimiiuuy  report  on  the  Tolovana  district:  Boll.  842,  pp.  201-209, 
1916. 

FBESENT  UTTXSTiaATION. 

The  (H-eeent  report  Bets  forth  the  results  of  a  study  of  the  gold 
placers  of  Livengood  Creek  and  near-by  streams  and  of  the  geology 
and  mineral  resources  of  the  surrounding  territory,  here  designated 
the  Tolovana  district.  In  all  29  days  was  devoted  to  the  work, 
of  which  13  days  was  spokt  in  an  examination  of  the  gold^placer 
mining  operations  and  16  days  in  a  geologic  reconnaiBsance  of  the 
adjoining  territory  to  the  north  and  weet.  The  accompanying  map 
includes  an  area  of  1,835  square  miles,  about  300  square  miles  f^ 
which  was  covered  by  geologic  reconnaissance  mapping  during  a 
part  of  July,  1916.  The  geologic  data  for  the  reauainder  of  the  area 
were  compiled  from  the  work  of  earher  inveetigatoTS. 

AOKNOTT^BaXENTS. 

The  writer  takes  this  opportunity  to  thank  the  operatOTS  and 
prospectors  on  Livengood  Croek  and  vicinity  for  their  unfailing 
hospitality  and  for  their  willing  cooperation  in  the  work.  Special 
thanks  are  due  to  Mr.  Charles  Craig,  to  whom  the  writer  is  indebted 
for  a  pleasant  home  during  his  sojourn  on  Livengood  Creek,  also  to 
Mr.  KeQy,  who  accompanied  and  materially  assisted  the  writer  on  a 
reconnaissance  trip  to  the  head  of  the  North  Fork  of  ELess  River. 

In  the  investigation  and  interpretation  of  the  hard-rock  geology  for 
the  accompanying  map,  the  writer  has  conferred  freely  with  L.  M. 
Prindle,  of  the  Geolt^cal  Survey,  who  has  done  most  of  the  earlier 
work  in  the  Yukon-Tanana  region ;  and  in  the  study  of  the  Quater- 
nary history  the  writer  has  received  a  number  of  helpful  suggestions 
from  H.  M.  Bakin,  also  of  the  Survey. 

GEOORAPHT. 

BBUBP. 

The  Tolovana  district  is  a  part  of  the  Yukon-Tanana  upland. 
Ita  top(^aphy  is  characterized  by  broad,  even-topped  ridges, 
which  rise  to  a  general  elevation  of  2,000  feet  or  higher  and  from 
which  long,  gently  sloping  spurs  descend  to  the  valley  floore.  The 
district  contains  no  high  mountain  groups  that  rise  above  the  general 
nige  level,  such  as  the  White  Mountains,  to  the  east,  or  the  Sawtooth 
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Range,  to  1^  west.  Where  the  ridges  attain  an  elevation  eboTB 
2,500  feet,  however,  there  is  a  marked  tendency  toward  the  develop- 
ment of  the  more  precipitous  type  of  mountain  topography. 

The  district  is  highest  in  its  nortibem  and  eastern  parts,  sloping 
south  and  west  toward  the  valley  floors  of  Tolovana  and  Hess  rivers 
and  the  lower  interstream  ridges.  The  highest  locality  is  in  the 
northeastern  comer  of  the  area,  where  a  ridge  top  rises  to  an  eleva- 
tion of  3,200  feet.  The  difference  between  3,200  feet  and  400  feet, 
the  elevation  of  the  valley  floor  of  Tolovana  Elver  below  West  Fork, 
represents  the  maximum  reHef  of  this  area. 

There  are  a  number  of  elevated  prominences  in  the  district,  few 
of  which  have  been  named.  Two  such  domes  on  the  ridges  north 
and  south  of  Livengood  Creek  are  known,  respectively,  as  Livengood 
and  Amy  domes,  and  a  knoll  on  the  weet  end  of  the  ridge  south  of 
Livengood  Creek  has  been  called  Money  Knob. 

dbahtagb. 

Most  of  the  district  is  drained  by  Hess  and  Tolovana  rivers,  but 
a  minor  part,  along  the  eastern  edge,  hes  within  the  drunage  basin 
of  Victoria  and  Beaver  creeks.  The  watershed  between  the  Yukon 
River  drainage  basin,  represented  by  Hess  River  and  Beaver  Creek, 
and  the  Tanana  River  drainage  basin,  represented  by  the  Tolovana, 
follows  an  irregular  course  across  the  district,  owing  to  the  intricate 
interlocking  of  these  two  drainage  systems.  About  two-thirds  of  the 
area  lies  within  the  Yukon  basin.     (See  flg.  5.) 

The  present  streams  are  sluggish  and  meandering,  and  the  water  is 
universaJly  more  or  less  amber  colored.  Within  the  hiUy  areas  there 
is  more  or  less  iron-stained  gravel  in  the  streun  beds,  although  the 
gradients  are  low  and  the  streams  are  in  many  places  incised  between 
steeply  cut  silt  banks.  In  places  well-developed  gravel  bars  are 
present,  but  these  appear  to  be  only  blanket  deposits  over  fine  silty 
sediments.  The  impression  gained  from  these  bars  is  that  the  gravel 
is  transported  largely  from  the  extreme  headwaters  at  stages  of  high 
water.  In  their  lower  courses  the  larger  streams  meander  over  wide 
alluvium-filled  flood  pliuns  to  the  Yukon  and  the  Tanana.  In  both 
the  headwaters  and  the  lower  courses  of  the  several  draina^  systems 
the  present  streams  are  markedly  disproportionate  to  their  valleys, 
for  the  valleys  are  wide  and  show  the  effects  of  vigorous  erosion, 
whereas  the  streams  are  slu^^h  and  carry  relatively  htUe  water. 
It  is  apparent  that  the  present  streams  are  the  feeble  descendants  of 
an  earlier  and  more  active  drainage  system. 

Adequate  corroborative  evidence  of  the  former  presence  of  a  drain-  , 
age  system  of  different  character  is  afforded  by  topographic  features 
unrelated  to  present  streams,  such  as  high  rock-cut  benohee,  by  physi- 
ographic anomalies  of  the  present  drunage,  such  as  broad  allaviumr 
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filled  TaUeTB,  certain  higber-leTel  alluvial  flats,  and  low  alluTium-^lled 
interatream  divides,  and  by  what  is  known  of  the  bedrock  cross  sec- 
tions of  the  present  valleys,  as  revealed  by  placer-mining  operations. 
It  is  worthy  of  note  that  many  of  the  streams  in  the  eastern  half  of 
this  area  flow  in  genera]  northeast  or  southwest  directions.  This  fea- 
ture is  evidently  in  conformity  with  and  a  result  of  the  structural 


FlOimE  G.— Sketch  map  showliiE  WBtanhed  betwon  Yokon  and  Tanona  diaEnags  baaliis. 

trend  of  the  rock  formations.  West  of  148°  20'  west  longitude,  how- 
ever, there  is  a  marked  tendency  toward  the  development  of  east  or 
west  courses  in  the  streams.  This  is  exemplified  by  Tolovana  River 
west  of  the  mouth  of  Bridge  Creek,  by  Hesa  River  west  of  the  forks, 
and  to  a  lesser  degree  by  Livengood  Creek.  This  change  is  the  physi- 
ographic expression  of  a  change  in  the  regional  trend  of  the  rocks, 
comparable  with  a  sinular  change  noted  by  Prindle '  in  the  Trouble- 
some Creek  area,  to  the  west. 
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The  lower  course  of  Tolovana  River,  though  beyoad  the  limits  of 
the  area  under  discussion,  is  worthy  of  separate  mention,  partly  be- 
cause it  is  the  main  approach  by  water  to  Idvengood  and  also  because 
the  lower  and  upper  courses  really  constitute  a  single  physiographic 
unit.  A  traTOTse  of  the  lower  110  miles  of  Tolovana  River  w&s  made 
by  the  writer  in  a  gasoline  scow  by  the  time  and  compass  method. 

The  Tolovana  flows  in  a  tortuous  meandering  couise  through  a 
broad,  flat  alluvium-fllled  valley,  which,  in  its  lower  part,  merges  with 
the  valley  of  the  Chatanika,  a  tributary  of  the  Tolovana  from  the 
southeast  about  74  miles  above  its  mouth.  At  the  junction  the 
Chatanika  is  much  the  larger  stream  of  the  two,  carrying  the  com- 
bined flow  of  Tatalina  River  and  Goldstream  Creek-  The  TataUna 
does  not  flow  into  the  Tolovana,  as  indicated  on  the  earlier  maps, 
but  enters  Chatanika  River  3  miles  above  the  confluence  of  that 
stream  with  the  Tolovana. 

The  only  strught  stret{ch  of  any  great  length  in  the  Tolovana  begins 
at  a  point  about  62  miles  from  the  Tanana  and  extends  northeastward 
for  3  miles.  Elsewhere  the  river  consists  of  a  continuous  series  of 
loops  and  oxbows,  which  above  the  mouth  of  Chatanika  River  be- 
come more  numerous  but  of  smaller  ampUtude.  One  of  the  peciUiari- 
tiee  of  the  river's  course  is  the  wide  sweep  which  it  makes  above  the 
mouth  of  the  Chatanika,  extending  up  into  the  embayment  at  the 
mouth  of  Uncle  Sam  Creek  and  returning  across  the  valley  to  the 
southeast  side.  For  90  miles  above  its  confluence  with  t^e  Tanana 
the  Tolovana  hugs  the  northwest  side  of  its  valley,  approaching 
closely  to  the  hills  at  several  localities.  In  this  stretch  and  for  10 
or  15  miles  farther  the  river  is  sli^gish,  except  at  the  mouth  of  Cha- 
tanika River,  where  there  is  a  decided  current.  This  slu^gishnees  is 
particularly  marked  for  a  distance  of  about  25  miles  above  the  mouth 
of  the  Chatanika,  where  even  in  the  narrowest  parts  of  the  stream  it 
is  often  difficult  to  detect  the  direction  of  flow.  The  river  appears 
to  be  very  deep  in  such  sluggish  channels.  From  this  point  up  to  the 
\og  jam  the  current  is  more  apparent,  the  river  flowing  over  a  bottom 
composed  largely  of  interlacing  waterlogged  trees.  At  low  stages  of 
water  this  is  a  very  difficult  stretch  of  the  river  to  navigate. 

E^zcept  where  the  Tolovana  sweeps  close  to  the  hills  the  baoks 
consist  entirely  of  silt  and  sand  and  increase  in  height  from  a  few  feet 
at  the  Tanana  to  60  feet  in  the  vicinity  of  the  log  jam  at  low  water. 
The  alluvium  appears  to  be  almost  entirely  silt  above  the  Chatanika. 
The  upper  coiHse  of  the  Tolovana,  from  the  log  jam  to  Weet  Fork,  was 
not  traversed,  but  it  is  reported  that  the  silt  banks  decrease  in  height 
above  the  log  jam,  ending  a  short  distance  below  Trappers  Cabin, 
where  sand  and  gravel  bars  begin  that  continue  upstream. 
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TOPOa&APHIC  ANOKALIBB. 

The  topography  of  LiTengood  Creek  and  vicinity  shows  certain 
anomalous  features  worthy  of  special  mention.  Livengood  Creek, 
the  South  Fork  of  Hess  Biver,  and  most  of  the  other  streams  in  the 
vicinity  are  small  in  comparison  to  the  wide  alluvium-filled  valleys 
in  which  they  flow.  The  stream  gradients  are  low,  except  in  the 
extreme  headwaters,  and  the  transportation  of  rock  debris  is  rela- 
tively small  except  at  high  stagee  of  water.  Thia  marked  dispropor- 
tion seems  to  indicate  a  lack  of  adjustment  between  the  topography 
and  the  present  streams  and  points  to  an  earlier  period  of  erosion, 
more  active  than  that  of  the  present. 

Several  low  divides  that  are  distinctly  anomalous  in  character  and 
position  separate  the  headwaters  of  several  of  the  streams  in  this 
area.  Thus  a  low,  broad,  flat  timber-covered  divide  separates  the 
head  of  Livengood  Creek  from  the  South  Fork  of  Hess  River.  At 
the  northwest  end  of  this  divide,  at  the  head  of  Snow  Gulch,  a  tribu- 
tary of  the  South  Fork,  a  prospect  shaft  was  sunk  205  feet  through 
muck  and  shde  to  the  chert  bedrock.  As  the  difference  in  elevation 
between  the  top  of  this  shaft  and  the  present  level  of  the  South  Fork 
of  Hess  River,  at  the  mouth  of  Alabam  Creek,  is  but  95  feet,  the  shaft 
shows  that  the  northwest  end  of  this  saddle,  at  least,  is  composed 
entirely  of  unconsolidated  material,  which  continues  downward  to  a 
depth  of  about  110  feet  below  the  present  level  of  the  South  Fork; 
and  it  seems  highly  probable  that  this  is  the  general  make-up  of  this 
divide  aa  a  whole, 

At  the  heads  of  Pedro,  Lost,  and  Erickson  creeks  there  is  a  timber- 
covered  fiat  from  2  to  4  miles  wide,  at  an  elevation  of  about  1,000 
feet.  McHugh  and  Myrtle  creeks  are  separated  from  thia  wide  flat 
and  its  included  drainage  systems  by  only  slightly  higher  divides 
that  approximate  1,200  feet  in  elevation.  Data  on  the  terranes  which 
constitute  theee  low  divides  may  be  obtained  only  by  shafts  or  drill 
boles,  but  it  is  highly  probable  that  they  are  likewise  composed,  to 
a  greater  or  less  depth,  of  muck  and  slide  similar  to  the  material  at 
the  head  of  Livengood  Creek. 

Numerous  facts  indicate  that  extraisive  changes  in  drainage  have 
tokra  place.  In  addition  to  the  olluvium-fllled  saddles  there  are 
many  well-developed  instances  of  backhand  drainage;  numerous 
lakes  occur  in  the  low  olluvium-fllled  divides  and  on  alluvium- 
covered  spurs;  and  along  some  of  the  present  streams  there  are 
constricted  portions  that  approximate  goiges  in  character.  Old 
erosional  channels  in  bedrock  baches  along  the  sides  of  and  unre- 
lated to  the  present  streams  likewise  give  ample  evidence  of  the  lateral 
migration  of  erosional  channels  within  certain  stream  valleys,  induced 
probably  in  part  by  major  drainage  changes. 
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The  West  Fork  of  the  Tolovaua  affords  the  hest  example  of  hack- 
hand  drainage  on  a  large  scale  in  this  district.  This  stream  runs  32 
miles  in  a  general  northeasterly  direction  from  its  source,  eiid  then 
turns  abruptly  to  join  the  main  Tolovana,  which  flows  in  a  general 
southweet«rly  direction  to  Tanana  River.  The  valley  of  Lost  Creek 
seema  to  be  the  lineal  continuation  of  the  volley  of  the  West  Fork, 
with  a  possible  outlet  by  way  of  Erickson  or  Pedro  Creek  to  Hess 
River;  but  without  a  more  detailed  study  of  these  creeks,  a  more 
definite  statement  can  not  be  made.  Another  excellent  example  of 
backhand  drainf^e  is  the  stream  that  witeiB  Tolovana  River  on  the 
west  side  about  7  miles  below  the  West  Fork.  This  stream  also 
flows  nordieastward  to  empty  into  the  southwestwsrd-flowing  Tolo- 
vana. A  low  alluvium-filled  saddle  at  an  elevation  of  about  1,200 
feet  separates  the  head  of  this  creek  from  Idaho  Creek,  to  the  south- 
west. Drainage  changes  are  hkewise  evident  at  the  heads  of  Erick- 
son, Lost,  Pechw,  and  livengood  creeks.  (See  pp.  260-262.)  It  is 
perhaps  highly  significant  that  many  of  the  most  pronounced  drainage 
changes  are  localized  at  or  near  the  low  saddles  previously  described. 

Lakes  are  numerous  in  the  alluvium-filled  valleys,  on  the  low 
interstream  divides,  aad  even  on  some  of  the  alluvium-covered  spurs 
that  descend  from  the  ridges  to  the  valley  floors.  The  lakes  in  the 
lower  valleys  are  probably  due  in  la^;e  part  to  processes  connected 
with  stream  aggradation;  but  some  of  Uiese,  as  well  as  the  high- 
level  lakes  on  the  divides  and  spurs,  indicate  a  condition  of  imperfect 
adjustment  to  recent  changes  in  drainage.  The  high-level  lakes  in 
particular,  such  as  the  group  at  the  heads  of  Erickson  and  Lost 
creeks,  give  no  indication  from  their  form  or  character  that  they 
have  ever  been  a  part  of  any  drainage  system.  In  addition  to  the 
lakes  shown  on  the  map,  there  are  scores  of  smaller  lakes  of  similar 
character,  hidden  in  tie  timber,  which  are  not  visible  from  the 
ridges  and  are  seen  only  by  accidental  visit.  Thus  on  the  timber- 
covered  spur  between  Amy  and  GoMstream  creeks,  a  short  distance 
above  the  head  of  Gioodluck  Creek,  there  is  a  small  lake,  filled  with 
amber-colored  water,  which  appears  to  be  a  watering  place  for  game. 

Another  such  lake,  on  the  flat  spur  northeast  of  Patterson  Creek, 
is  500  feet  in  diameter,  is  more  or  less  circular  in  shape,  and  has 
steep  muck  walls  about  40  feet  high.  The  water  is  deep,  a  depth  of 
8  feet  being  attained  only  a  few  feet  from  shore.  The  elevation  of 
this  lake  is  about  1,100  feet,  or  about  140  feet  above  the  level  of  the 
South  Fork  of  Hess  River,  at  the  mouth  of  Patterson  Creek.  On 
the  northwest  side  there  is  a  gap  in  the  silt  walls,  where  the  banks 
are  only  a  little  higher  than  the  lake  itself.  Although  no  water  was 
flowing  from  the  lake  through  this  gap  when  it  was  visited,  there  is 
a  drainage  channel  which  connects  the  gap  with  the  South  Fork  of 
Hess  River.    It  is  probable  that  this  lake  was  at  one  time  still  deeper 
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than  at  present,  possibly  as  much  as  30  or  40  feet  deeper,  and  Uiat 
the  gap  at  its  northwest  end  represents  a  break  in  its  walls,  doe  to 
the  general  reduction  in  elevation  of  the  spur  below  it  through 
erosion  by  Hess  Kiver.  In  this  manner  the  lake  was  reduced  to  ite 
present  level,  and  the  continuation  of  the  same  process  would  ulti- 
mately drain  it. 

As  indicating  readjustments  in  drainage  the  presence  of  a  gorge 
along  the  course  of  a  stream,  with  a  wide,  open  valley  above  and 
below,  may  be  of  significance.  Such  gorges  are  reported  from 
several  localities,  but  the  only  one  visited  by  the  writer  is  in  the 
valley  of  the  South  Fork  of  Hess  River  about  4  miles  below  the  mouth 
of  Abbam  Creek.  This  goige  is  a  late  feature  in  the  history  of  the 
South  Fork,  for  it  is  in  the  bottom  of  the  valley  and  is  not  apparent 
from  the  ridges  on  the  sides. 

Readjustments  of  stream  courses  within  their  own  valleys  are 
plainly  apparent  from  the  presence  of  old  channels  cut  in  bedrock 
benches  above  many  of  the  present  streams.  Such  benches  are 
locally  visible  but  in  many  places  are  covered  by  later  alluvium  and 
would  not  be  suspected  from  the  present  cross  sections  of  the  valleys. 
Thus  on  Livengood  Creek  above  Liveogood  t^ere  is  an  old  stream 
channel  on  the  north  sido  of  the  valley,  separated  from  the  present 
stream  by  a  bedrock  reef  that  crops  out  at  Livengood.  Upstream 
hoth.  the  reef  and  the  old  channel  are  concealed  by  a  heavy  mantle 
of  silt.  Flacer-mining  operations,  however,  have  shown  that  this 
reef  continues  upstream  for  3  nules,  and  above  ite  termination  the 
old  channel  and  the  presoit  stream  channel  gradually  mei^e  into 
each  other.  It  is  this  old  channd  in  the  valley  of  Livengood  Creek 
that  carries  the  auriferous  gravels  now  being  mined. 

On  the  South  Fork  of  Hess  River  there  is  likewise  evidence  that  the 
preset  course  of  the  stream  is  quite  different  from  its  course  during 
a  preceding  physiographic  cycle.  Placer  operations  have  not  yet 
been  extensive  enough  to  show  definitely  the  location  of  tlie  old 
channel,  but  the  available  date  indicate  that  it  may  have  been  on 
on&  side  of  the  valley  at  one  locality  and  on  the  other  side  at  another 
thus  being  crossed  and  recrossed  by  the  present  stream. 

Benmants  of  high  rock-cut  benches  are  present  in  some  of  the 
present  stream  valleys.  Thus  at  the  lower  end  of  Livengood  Creek, 
on  the  spur  west  of  Ruth  Creek,  there  are  rock-cut  benches  at  eleva- 
tions of  1,115,  1,150,  and  1,200  feet.  The  lowest  of  tliese  benches  is 
only  75  feet  wide,  but  each  of  tJtie  others  extends  backward  toward 
tbe  main  ridge  for  several  hundred  feet,  and  the  highest  rises  grad- 
ually to  an  elevation  of  1,300  feet.  South  of  the  higheat  bench  the 
ridge  rises  rather  steeply  toward  Money  Knob,  the  west  end  of  the 
ridge  between  livengood  Croek  and  Tolovana  River.  There  are 
fragmentary  benches  of  similar  character  on  other  spurs  descending 
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to  LiTengood  Creek,  but  these  are  not  susceptible  of  coordination 
without  detailed  topographic  mapping.  It  is  uncertain  whether  such 
high  benches  are  the  remains  of  old  stream  channels,  or  whether  they 
may  represent  in  part  old  beach  lines  correlative  with  various  stages 
in  a  regional  inundation. 

Higher  flats  at  elevations  from  1,200  to  3,000  feet  are  present  but 
can  not  be  correlated  and  are  probably  due  to  various  agencies. 
The  ridge  tops  in  the  Yukon-Tanana  r^ion  as  a  whole  are  probably 
the  dissected  remnants  of  an  old  peneplain,  in  the  widest  sense  of 
that  term — that  is,  an  old  erosional  surface,  more  or  less  uniform  in 
elevation  but  sloping  shieldhke  to  the  major  drainage  channels. 
The  higher  prominences  may  be  thought  of  as  moaadnocks  upon  such 
a  surface.  The  high  flats,  however,  occur  at  all  elevations  and  are 
developed  probably  in  part  by  normal  stream  erosion  and  in  part 
by  certain  erosional  processes  that  are  particularly  effective  in 
subarctic  climates,  including  solifluction  in  its  various  phases. 

BBITLBKEHTB  AND  fOFTTLATIOH'. 

Livengood,  the  principal  aettlement  within  the  district,  is  on  the 
north  aide  of  Livengood  Creek  about  5  miles  above  the  mouth  of  the 
creek,  at  an  elevation  of  625  feet.  It  ia  a  well-placed  and  substan- 
tially built  town,  with  a  post  office,  a  wireless  station,  and  a  local 
telephone  system  connecting  with  the  mining  plants  on  Livengood 
Creek, 

At  the  junction  of  the  West  Fork  with  the  main  Tolovana  a  small 
aettlement  called  West  Fork  has  grown  up.  It  is  essentially  a  supply 
point  for  Livengood,  being  at  the  head  of  navigation  for  small  boats 
on  the  Tolovana.  It  contains  a  sawmill,  a  roadhouse,  and  waro- 
houses. 

There  are  warehouses  also  at  a  place  called  Trappers  Cabin,  16  miles 
downstream  from  West  Fork,  at  the  head  of  navigation  for  launches 
and  small  scows. 

The  log  jam,  56  miles  by  river  below  West  Pork,  is  Another  stopping 
point  on  the  river  route  to  Livengood.  It  is  the  head  of  navigation 
for  small  steamboats  and  gasoline  scows  and  is  therefore  the  principal 
changing  point  for  passengers  and  freight  along  the  river.  Two  road- 
housea  and  several  small  cabins  are  located  there. 

OLUCATB  Ain>  VEGETATION. 

The  Tolovana  district  is  a  small  part  of  the  Fairbanks  quadrangle, 
whose  vegetation  and  climatic  conditions  have  been  described  at 
some  length  by  Prindle.'  There  are  no  exceptional  features  of  the 
plant  life  in  the  district  which  warrant  any  further  description,  and 
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no  new  meteorologio  data  for  the  district  are  at  hand.  For  thoae  who 
are  famiharwiUi  interior  Alaska,  it  suffices  to  say  that  this  district  is 
an  int^ral  part  of  the  Yukon-Tanana  province. 

GEO  LOOT. 

aSHEILAX  FBATiniBS. 

The  presfflit  geolt^c  knowledge  of  the  Fairbanks  quAdraof^e  Is 
based  lai^y  on  reconnaissance  traverses,  most  of  which  weie  made 
prior  to  the  publication  of  the  reconnaissance  topographic  map. 
Hence  the  knowledge  of  the  stratigraphy  is  at  best  fragmentary.  It 
happens  also  that  the  new  placer  camp  at  Livengood  and  much  of  the 
adjacent  headwater  r^on  of  Tolovana  and  Hess  rivers  lies  within  an 
area  concerning  which  information  was  exceptionally  meager.  The 
work  of  1916  in  this  area,  though  likewise  reconnaissance  in  natuie, 
adds  new  data  to  the  existing  geologic  knowledge  and  serves  in  some 
measure  to  coordinate  the  earlier  data. 

Several  mappable  groups  of  bard-rock  formations  are  present  in 
the  Tolovana  district.  These  include  the  Tatalina  group,  of  Cam- 
brian or  pre-Cambrian  age;  the  Devonian  and  Silurian  (f)  sequence; 
a  new  stratigraphic  unit  of  chert,  of  Devonian  or  Carboniferous  age; 
and  the  Carboniferous  sequence  of  sandstone,  slate,  ahale.  and  ai^- 
hte.     (See  PI.  XIII.) 

These  rock  groups  occur  chiefly  as  belts,  crossing  the  district  in  a 
general  northeasterly  direction.  The  oldest  rocks  occur  to  the  south- 
east, and  the  yoimger  rocks  crop  out  successively  to  the  nortiiweet. 
The  regional  trend  of  the  rocks  is  northeast,  and  the  dips  where  ob- 
served ore  isoclinal  to  the  southeast.  Hence  the  younger  formations 
dip  under  the  older  ones,  with  the  result  that  a  sequence  of  folds  over- 
turned to  the  northwest  is  necessary  to  explain  the  structure.  This 
explanation,  however,  is  a  very  generalized  induction,  and  further 
study  may  reveal  structural  details  quite  at  variance  with  it.  A  zone 
of  faulting  is  believed  to  be  present  along  the  northwest  side  of  the 
chert  formation. 

Igneous  rocks  of  numerous  types  are  present,  though  only  in  tlie 
northwestem  part  of  the  district  do  they  occupy  any  laige  area. 
They  include  chiefly  basic  rocks  of  various  ages,  some  extrusive  and 
some  intrusive.  Granitic  and  intermediate  rocks  are  present  in  small 
amounts,  the  former  connected  genetically  with  the  mineralization  in 
the  vicinity  of  IJvengood. 

The  hard-rock  formations  are  overlain  in  the  stream  valleys  by  a 
mantle  of  unconsohdated  deposits,  representative  of  several  physio- 
graphic eras  in  the  Quaternary.  These  are  the  youngest  deposits  in 
the  region  but  are  not  all  of  the  some  age.  At  least  two  types  are 
recognizable — the  present  stream  deposits  and  the  earlier  stream 
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deposite,  now  fonning  benches  along  the  present  streams.  Numerous 
changes  of  drainage  courses  and  other  data  indicate  a  most  complex 
physit^raphic  history  during  Pleistocene  and  Recent  time 

TATAUNA  GBOTIF  (CAUBIUAN  OB  FBB-OAIEBBIAK). 

DISTBIBOnON  AND  CHAEACTEB. 

The  Tatalina  group  crosses  the  southeast  comer  of  the  Tolovana 
district,  but  little  is  Imown  of  its  northwestern  limit  or  of  its  lithologio 
character  in  that  locahty.  The  following  general  description  of  the 
Tatalina  group  is  taken  from  the  report  of  Prindle : ' 

The  Tatalina  |cioup  can  be  defmed  as  an  aggregate  of  feldspathic  fragmental  rocki, 
including  conglomerates,  sandatODes,  and  gnywackee,  interbedded  with  aigillites  that 
are  ia  places  altered  to  phyllites.  With  these  Tocks  occius  conaiderable  chert.  Aa 
nu^ped,  the  Tatalina  includes  some  limestone,  which  may  or  may  not  repreaeut  an 
integral  part  of  the  group.  In  the  White  Mountain  r^ion  the  Tatalina  group  includes 
conaiderable  graenstono  in  the  lotm  of  ancient  tufb  and  lavas. 

The  only  specific  reference  by  Prindle  to  the  tithologic  character  of 
the  Tatalina  group  in  the  area  under  discussion  is  this:  "In  the  west- 
central  part  of  ih.6  quadrangle  the  group  is  represented  by  graywacke, 
feldspathic  conglomerates,  phylhtes,  and  cherts." 


The  recent  work  of  Blackwelder  *  has  thrown  considerable  hgbt  on 
the  ^e  of  the  Tatalina  group.  His  stratigraphic  -work  in  the  White 
Mountains  has  shown  that  the  Tatalina  group  underlies  fossiliferous 
sediments  of  Upper  Cambrian  or  Lower  Ordovician  age.  Hence  the 
latest  infonnation  would  indicate  that  the  Tatalina  group  is  Cambrian 
or  possibly  pre-Cambrian, 

DEVONIAN  Aim   BTLTJBIAXI  (?)  BOOKS. 
ABEAL  DISTBIBDTION. 

A  group  of  sedimentary  rocks  with  associated  igneous  rocks,  here 
assigned  in  part  to  the  Middle  DeTonian,  crop  out  in  a  belt  crossing  the 
Boutheaatem  part  of  the  Tolovana  district.  It  is  necessary  to  separate 
this  group  of  rocks  from  the  Tatalina  group  on  the  basis  of  lithologic 
character,  and  as  the  lithology  of  both  these  groups  is  only  imper- 
fectly understood,  the  boundary  between  them,  as  shown  on  the  ac- 
companying geologic  map  (PI.  XIII),  should  be  r^arded  as  a  si^ges- 
tion  rather  than  a  definite  mapping  of  the  contact. 

Still  farther  southeast,  within  the  area  mapped  as  Tatalina,  lime- 
stone of  known  Devonian  age  w  present  in  a  narrow  disconnected 
zone,  which  trends  parallel  with  the  regional  strike. 

I  Prindle,  L.  IL,  A  gaolDglc  raoonnabsance  of  the  Fairbanks  qtudnngla,  Alaska:  U.  8.  OeoL  Bnmr 
Bull.  SJS,  pp.  17-K,  1V13. 

1  BboImlilBr,  Eliot.  Oflokgr  of  the  northaiii  part  ol  the  'Vukon-Tonans  region:  V.  S.  OeoL  Burvar 
BnlL  —  (In  pnpantfciD). 
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In  the  east-central  part  of  the  district  beds  at  an  unrecognized 
horizon  in  the  Devonian  or  Silurian  ( 1)  are  mapped.  They  occupy  a 
more  or  leaa  wedge-shaped  area,  which  begins  with  the  limestone  <m 
the  South  Fork  of  Hess  Kiver  at  the  mouth  of  Pedro  Creek  and  ex- 
tends in  a  widening  zone  to  the  northeast.  The  southwestern  con- 
tinuation of  this  zone  is  represented  by  the  limestone  at  the  head  of 
Enckson  Creek. 

LrrHOLOQT. 

The  Tonzona  group,  one  of  the  geologic  imits  rect^nized  in  the 
Fairbanks  quadrangle,  was  described  originally  by  Brooks  >  from  its 
occurrence  along  the  inland  front  of  the  Alaska  Bange  and  along  the 
lower  Tanana.    His  summarized  description  was  as  follows; 

A  Beriee  of  argiUites,  in  part  mterb«dded  with  grajrwacke  and  .aeeociated  wiUt 
cherts,  is  here  claoBed  Ugether  under  the  name  Tonzoua  group.  The  Tonzona  group 
has  at  least  one  etrikiug  difference  from  the  older  Tatiua  group  in  its  mailed  lack  of 
limeetone.  It  is  made  up  of  seditnenta  which,  as  a  rule,  ore  coareei  grained  than  these 
of  the  Tatina,  being  derived  chiefly  from  clays  and  sands.  It  includes,  however, 
counderable  mssses  of  chert. 

The  argillitee,  which  predominate  in  this  group,  vary  from  shales  to  alatee  and 
phyllites.  One  of  their  characteristic  features  conaiBts  in  theit  variegated  coltaa, 
which  include  black,  red,  groen,  and  blue.  Fragmental  Tocka  are  represented  by  gray 
indurated  feldspathic  sandstone  or  giaywocke,  some  of  which  in  the  field  was  mistaken 
for  igneous  rock.  The  cherts,  which  occur  in  association  with  the  fine-grained  argU- 
lites,  are  also  varied  in  color,  including  black,  greenish-white,  green,  and  red  varietiee. 

The  tacts  in  hand  surest  that  the  Tonzonagroup  may  be  divisible  into  two  members 
(1)  a  lower,  made  up  latgely  of  bluish  phyllites  and  black  slates,  some  interbedded 
with  maoive  giaywacke,  with  which  ate  also  aaaociated  some  black  chcrta,  and  (2)  an 
upper,  which  is  d<»ninatingly  made  of  black,  red,  and  green  slates,  locally  grading 
into  shales  and  cherts  of  various  colors. 

On  the  basis  of  litholt^c  similarity,  certain  Devonian  and  asso- 
ciated rocks  in  the  Fairbanks  quadrangle  were  tentatively  correlated 
with  the  Tonzona  group,  the  name  being  used  as  a  cart<^aphic  desig- 
nation.   Prindle's  description  of  these  rocks '  was  as  follows: 

A  series  of  red,  green,  and  black  argillites,  conglomerate,  and  sandstone,  including 
some  chert,  is  here  correlated  with  the  Tonzona  group.  Locally  some  limestones  are 
included  in  the  Tonsoua  as  mapped.  In  the  area  mapped  by  Stone  in  the  northeaat- 
ern  part  of  the  quadrangle  the  rocks  correlated  with  the  Tonnoua  are  made  up  of  rather 
coarse  conglomerates  with  sandstones  and  slates  of  various  colors.  On  the  Tanana  the 
group  is  represented  by  fine  quartz  conglomerates,  sandstones,  and  red  and  green 
slates. 

Sufficient  data  were  collected  in  the  Tolovana  district  during  the 
season  of  1916  to  justify  a  separation  of  the  Tonzona  group  into  two 
major  divisions.  The  upper  of  these  divisions,  described  latOT  as 
chert,  is  a  fairly  definite  Uthologic  unit;  the  lower  division,  compris- 

>  Brooks,  A.  H.,  The  Ifonnt  UclCliilay  ngiim,  Alaslra:  U.  B.  Geol.  Burvg;  Prof.  Paper  TO,  p.  73,  WII. 
■  PrlndlB,  L.  U.,  A  Ewlogii;  reooDiialnuica  at  the  Tolrbanks  qaadnngla,  Alaska:  U.  B.  Gaol.  Burver 
Bull.  G%,  pp.  14-4S.  1B13. 
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ing  uudifierentiated  Deyonian  and  Silurian(  t)  rocks,  must  be  r^arded 
only  as  a  temporary  grouping,  whidi  is  likely  to  undergo  further 
subdivifiion  with  the  accumulation  of  more  detailed  information. 

As  mapped,  this  lower  division  includes  all  the  rocks  from  the 
Middle  Devonian  to  the  Tatalina  group.  That  part  of  the  geol(^o 
section  between  Tolovana  and  Tatalina  rivers  has  not  been  studied 
in  any  detail  and  may  include  Lower  Devonian,  ^urian,  or  Cambrian 
rocks,  as  well  as  small  areas  of  infolded  younger  rocks. 

The  limestone  of  known  and  inferred  Devonian  age  is  mapped  as  a 
separate  unit. 

The  beet  exposures  of  the  Middle  Devonian  rocks  are  to  he  seen  in 
the  creeks,  where  placer-mining  operations  have  bared  the  bedrock. 
Near  the  lower  end  of  Ruth  Creek,  and  presumably  near  the  top  of 
the  Middle  Devonian  sequence,  there  is  a  black,  finely  crystaUine 
limestone,  much  seamed  with  calcite  and  quartz.  Farther  upstream 
and  lower  in  the  geologic  column  the  bedrock  for  a  mile  is  in  part 
sandstone,  shale,  slate,  and  limestone.  On  claim  4  above  Discovery, 
Ruth  Creek,  about  IJ  miles  above  the  mouth  of  the  creek,  Middle 
Devonian  fossils  were  found  in  some  finely  crystaUine  dark-gray  lime- 
stone. The  spur  on  the  west  side  of  Ruth  Creek  shows  a  variety  of 
rock  talus,  including  sandstone,  shale,  flint,  conglomerate,  and  ser- 
pentine and  other  igneous  rocks.  The  gravels  in  Ruth  Creek  are  sub- 
angular  and  at  the  lower  end  of  the  creek  comprise  chert  conglom- 
erate, chert,  sandy  shale,  dioritic  material,  and  other  rocks,  showing 
that  they  were  derived  from  the  bedrock  of  Ruth  Creek.  Serpentine 
occurs  at  the  mouth  of  Ruth  Creek  and  is  also  exposed  at  the  town 
site  of  Livengood,  opposite  the  mouth  of  Ruth  Creek.  It  is  possible 
that  the  serpentine  forms  a  continuous  body  across  the  valley  floor 
of  Lirengood  Creek  at  this  point,  separating  the  known  Middle  Devo- 
nian rocks  from  the  chert  formation.  The  traverse  of  Prindle  and 
Johnson  (1909)  shows  that  this  mass  of  serpentine  continues  south- 
westward  along  the  ridge  south  of  the  West  Fork  of  Tolovana  River 
for  at  least  12  miles. 

The  sedimentary  rocks  exposed  along  the  ridge  at  the  head  of  Ruth 
Creek  consist  of  dark-colored  sandstone,  shale,  slate,  quartzite,  and 
finely  crystalline  dark-gray  to  Ught^ay  hmestone.  Th.e  knob  at  the 
heat^  of  the  East  Fork  of  Gertrude  Creek  and  Ester  Creek  is  a  much 
brecciated  chert,  which,  however,  belongs  probably  in  the  chert 
formation. 

At  the  west  end  of  the  ndge,  near  the  head  of  LiUian  Creek,  placer- 
mining  operations  have  exposed  the  bedrock  in  the  creek.  It  con- 
sists of  dark-gray  sandstone  and  shale,  with  some  slate.  A  hundred 
yards  downstream  the  bedrock  is  dominuiUy  a  dark-c<dored  shale. 
The  respective  strikes  at  these  localities  are  N.  Q5°  W.  and  N.  45°  W., 
and  the  dip  in  each  place  is  55°  K.     Subangular  to  angular  stream 
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gravels  show  the  presence  near  by  of  chert  conglomerate,  greenstoce, 
sandstone,  shale,  slate,  and  quartzite. 

On  the  south  side  of  the  Hdge  on  Discovery  claim  in  OUve  Creek, 
about  1  i  miles  from  the  crest  of  the  ridge,  the  bedrock  in  the  creek 
is  a  dark  impure  sandstone.  Here  the  stream  grayels  consist  of  black 
chert,  ai^iUite,  hard  shale,  coarsegrained  granitic  rock,  diabase,  green 
flinty  mineralized  rock,  and  diort  conglomerate,  all  representative  of 
the  rock  formation  on  the  south  side  of  the  ridge.  Limestone  bed- 
rock is  also  reported  from  a  prospect  shaft  in  this  vicinity.  About  a 
mile  to  the  east,  however,  placer  mining  on  Ester  Creek  has  exposed 
bedrock  that  is  dominantly  chert. 

At  the  moudi  of  Gertrude  Creek  the  bedrock  is  a  brecciated  flint, 
which  appears  to  continue  upstream,  being  present  in  the  East  Fork 
of  Gertrude  Creek,  in  association  with  a  white  sUicified  limestone.  It 
is  likely  that  the  chert  continues  up  Gui>rude  Creek  to  the  knob  at 
the  head  of  its  East  Fork. 

The  bedrock  in  the  beds  of  Amy  and  Goodluck  creeks  is  reported 
to  be  largely  chert,  from  which  it  appears  that  the  Middle  Devonian 
beds  are  not  present  in  these  creeks.  Certain  basic  andesites  north 
of  Amy  Dome,  lying  between  the  Middle  Devonian  rocks  and  the 
chert  formation,  and  a  basic  rock  of  similar  appearance  on  the  ridge 
at  the  head  of  Cleary  Creek  are  not  correlative  with  the  serpentine 
at  the  mouth  of  Buth  Creek.  They  do  not  possess  a  greenstone 
habit  and  are  thought  to  be  intrusives  belonging  to  a  later  period 
of  volcanism. 

At  a  point  20  miles  N.  63°  E.  from  Amy  Dome  the  serpentine  and 
basic  igneous  rock  previously  described  reappear,  as  shown  by  the 
traverses  of  Prindle  and  Hess  (1904)  and  of  Stone  (1906).  The  notes 
from  both  these  traverses  agree  in  describing  the  country  rock  at  this 
locality  as  a  serpentine  cut  by  diabase  dikes.  Southeast  of  this 
serpentine  area  toward  Beaver  Creek,  Stone's  traverse  shows  the 
country  rock  to  be  black  shale,  grit,  and  sandstone,  with  one  recorded 
strike  of  N.  64°  E.  and  dip  of  18°  SE.  The  traverse  of  Prindle  and 
Hess  shows  that  the  country  rock  south  of  the  serpentine  is  con- 
glomerate and  black  slate.  These  sediments  seem  to  represent 
the  same  horizon  as  that  of  the  beds  exposed  in  Ruth  Creek  and  on 
the  ridge  south  of  livengood  Oeek.  The  traverse  of  Prindle  and 
Hess  also  shows  another  area  of  serpentine,  cut  by  diabase  dikes, 
about  18  miles  N.  53°  E.  of  the  one  just  described,  just  beyond  the 
Tolovana.  This  demonstrates  the  persistence  of  the  serpentine, 
but  its  ultimate  northeastward  continuation  is  unknown. 

These  intermittent  occurrences  of  serpentine  and  locally  of  a  basic 
igneous  rock  of  greenstone  habit,  at  or  near  the  upper  part  of  the 
Middle  Devonian  beds,  seem  to  be  a  feature  of  r^onal  sigmficanc& 
Serpentine  and  greenstone,  however,  are  represented  at  other  horizons 
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in  the  DeTonian  sequence,  a  fact  which  has  been  recognized  both  by 
Prindlfl'  and  by  Broolra.*  The  recent  work  of  Blackwelder'  in  the 
White  Mountains  has  also  shown  that  the  hmeetone  on  the  spur  just 
northwest  of  the  forks  of  Willow  Creek  is  Devonian  and  is  intimately 
associated  with  greenstone.  Further  work  may  show  that  this 
extrusion  of  basic  igneous  rocks  attained  a  maximum  development 
late  in  the  Middle  Devonian  epodi,  thus  establishing  a  reliable 
horizon  marker  in  the  Devonian  sequence. 

Limestone  of  supposed  Devonian  tige,  similar  in  appearance  to  that 
on  Buth  Creek,  occius  along  the  South  Fork  of  Hess  River,  opposite 
the  mouth  of  Pedro  Creek.  It  is  black  and  crops  out  in  thin  beds, 
which  are  broken,  veined  with  calcite,  and  coated  with  some  white 
salt  of  calcium.  These  beds  extend  upstream  for  600  yuds  or  more, 
becoming  thicker  and  arenaceous.  Still  farther  upstream  is  the 
chert  formation.  The  attitude  of  these  limestone  beds,  measured 
at  two  places,  was  N.  65"  W.,  dip  75°  SW.,  and  N.  55°  E.,  dip  35"  SE. 
This  discordance  in  strike  and  dip,  together  with  the  broken  and 
veined  appearance  of  the  beds,  is  taken  aa  evidence  that  the  rocks 
at  this  locality  have  been  greatly  disturbed. 

At  the  heads  of  Grouse  and  Bear  creeks  limestones  thought  to  be  of 
Devonian  or  Silurian  age  crop  out.  They  are  aasociated  with  sand- 
stone, shale,  slate,  quartzite,  conglomerate,  and  chert,  the  whole 
representing  an  unrecognized  horizon  in  the  Devonian  or  Silurian  ( f). 
The  ridge  northwest  of  Crater  Creek  is  composed  of  sandstone  and 
ebale.  Stone,*  on  the  basis  of  the  lithologic  similarity  of  certain 
beds  of  black  shale  found  just  below  the  confluence  of  Grouse,  Bear, 
and  Crater  creeks,  included  the  rocks  at  this  locality  as  a  part  of  the 
Carboniferous.  As  there  is  no  fossil  evidence  for  this  assignment, 
and  as  the  strike  of  the  Carboniferous  rocks  carries  them  northwest 
of  this  locality,  this  ridge  is  here  mapped  tentatively  as  a  part  of  the 
Devonian  and  Silurian  ( 1)  sequence.  On  the  basis  of  hthographic 
character,  then,  a  wedge-shaped  belt  of  rock  of  Devonian  or  Silurian(  t) 
age  is  mapped,  b^inning  at  the  limestone  locality  on  the  South 
Fork  of  Hess  River  and  extendii^  in  a  widening  zone  to  the  northeast. 
Necessarily  the  boundaries  of  such  a  zone  can  not  be  considered  final, 
and  internal  differentiation  of  this  zone  into  smaller  units  is  ultimately 
certain. 

A  supposed  zone  of  faulting  hes  southeast  of  this  zone,  and  along 
its  continuation  to  the  southwest  occur  the  limestones  on  the  South 
Fork  of  Hees  River  and  at  the  head  of  Erickson  Creek.    Little  is 

I  PtlndlB,  L.  U.,  A  gwloglc  rccODuafasBUni  of  the  Tolrliaiiks  quadnoglg,  Abub:  V.  B.  OeoL  Surray 
Bnn.  B9,  p.  S7, 1913. 

■  BnxAi,  A.  H.,  TtMlfgiuit  UcXlnlerrgglan,  AlukB:  TT.  B.  Qral  Burvey  Piof.  Paper  TO,  p.  US,  IBU. 

■  BlukwaldBT,  EIlol,  Qeologr  of  tilt  nortbeni  part  of  the  Ynkon.Tanaiia  n0oii:  U.  B.  OeoL  Surra; 
BnlL  ~  (In  pnpaniUon). 

<  Btcoe,  R.  W.,  nupatiUihed  nolo,  lBOt> 
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known  of  the  rock  at  the  latter  locality,  but  the  1904  traverse  of 
Frindle  and  Hess  show  the  limestone  to  be  brecciated  graj  crystal- 
line variety.  Of  special  significance  is  its  brecciated  condition, 
in  connection  with  its  position  along  an  inferred  zone  of  faulting. 

The  limestones  at  the  head  of  Bear  and  Grouse  creeks  seem  similar 
in  general  character  to  those  at  the  two  locahties,  just  described. 
Stone,'  recognizes  two  different  tjrpes  of  limestone,  "one  of  whit^  is 
white  or  gray,  whether  fresh  or  weathered,  shows  no  distinguishable 
bedding,  is  crystalline,  finely  jointed,  and  occais  in  conspicuous 
ledges,  and  the  other  is  gray  to  blue  on  the  outside,  dark  blue  inside, 
thin  bedded,  and  weathers  with  a  rough  prickly  surface."  The 
former  corresponds  closely  to  the  Ordovician  and  Silurian  limestone 
of  the  White  Mountains ;  the  latter  is  comparable  with  Middle  Devo- 
nian  limestone  recognized  in  the  vicinity  of  Livengood.  The  traverse 
of  Frindle  and  Hess  (1904)  shows  considerable  limestone  of  the  latter 
type  along  the  ridge  northwest  of  Bear  Creek,  interbedded  with 
red  and  green  shale,  quartzite,  and  greenstone.  Measurements  of 
strike  taken  on  this  limestone  by  Frindle  and  Hess  are  N.  60°  E., 
N.  56°  E.,  N.  76°  E.,  and  N.  59°  E.,  which  yield  an  averse  of  about 
N.  62°  E.  for  the  strike  of  the  rocks  in  this  vicinity.  The  dips  are 
steep  to  the  south.  It  is  probable  that  this  occurrence,  22  miles 
N.  60°  E.  from  the  Hess  River  locahty,  is  a  continuation  of  the  bed 
at  the  same  general  horizon. 

It  appears  that  this  limestone  is  not  continuous,  for  a  traverse 
by  the  writer  down  the  east  side  of  Butte  and  Crater  creeks,  and  up 
into  the  ridge  northwest  of  Crater  Creek,  as  well  as  the  traverse  of 
Stone  in  1906,  failed  to  reveal  the  presence  of  limestone  in  this 
vicinity  along  the  regional  strike.  This  lack  is  more  probably  due 
to  structural  irregularities  than  to  original  noudeposition.  It  is 
worthy  of  emphasis,  as  bearing  on  the  regional  trend  of  the  Fateozoic 
rocks,  that  the  direction  connecting  the  limestone  on  the  South 
Fork  of  Hess  Biver  with  that  at  the  head  of  Bear  Creek — that  is, 
N.  60°  E. — ^is  nearly  identical  with  that  connecting  the  greenstone 
locality  at  Amy  Dome  with  that  southwest  of  Beaver  Creek,  which  is 
N.  63°  E. 

The  writer  is  unfamiliar  with  the  limestone  areas  in  the  southeastern 
part  of  the  Tolovana  district,  within  the  area  of  Tatalina  rocks. 
They  have  been  intersected  by  only  one  traverse,  and  little  is  known 
of  them.  In  the  sharp  bend  of  Fossil  Creek  at  its  lower  end,  just 
east  of  this  district,  on  the  spur  to  the  northeast,  Frindle  and  Hess 
found  fossils  of  Middle  Devonian  age  and  others  su^esting  a  late 
Silurian  age.  It  is  probable  that  the  limestones  above  mentioned 
are  representatives  of  the  same  general  horizon,  infolded  or  infaulted 
into  the  Tatalina  group. 

■  EtODe,  R.W.,iinpublishod  notes,  IVOS. 
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IGNEOUS  KOCKS. 

A  variety  of  igneous  rocks  are  present  in  the  Middle  Devouiaji 
sequence.  It  is  possible,  however,  to  divide  them  into  two  groups, 
which  are  mutually  exclusive,  both  in  age  uid  in  their  relation  to 
the  associated  sedimentary  rocks. 

Basic  igneous  rocks,  in  part  serpentine,  occur  between  the  Middle 
Devonian  rocks  and  the  chert  formation,  as  well  as  within  the 
Devonian  sequence.  Presumably  these  basic  rocks  are  in  large  part 
the  altered  representatives  of  basic  l&va  flows,  which  were  extruded 
more  or  lees  synchronously  with  the  deposition  of  the  Devonian 
rocks.  It  is  probable  that  these  lavas  represent  intermittent  vol- 
canism  during  Devonian  time,  culminating  at  the  end  of  the  Middle 
Devonian. 

The  igneous  rocks  of  the  second  group  are  in  lai^  part  intrusive. 
At  least  some  of  them  are  undoubtedly  later  than  the  Middle 
Devonian  sequence,  but  the  data  available  are  not  sufficient  to  deter- 
mine their  absolute  age.  They  include  granitic,  dioritic,  and  basic 
types.  On  the  ridge  south  of  Livengood  Creek  occur  intrusives  of 
severaJ  types,  including  albite  granite,  soda  rhyolite,  diorite,  pyroxene 
andesite,  diabase,  and  basalt.  These  rocks  were  certainly  not  all 
intruded  simultaneously  but  represent  various  stages,  perhaps  even 
widely  separated  epochs,  in  the  igneous  history  of  the  region.  The 
sodic  rocks,  including  the  albite  granite,  the  soda  rhyohte,  and  the 
pyroxene  andesite,  seem  to  have  a  certain  family  relationship.  The 
most  acidic  types  are  thought  to  be  closely  related  to  the  gold 
mineralization  on  this  ridge. 

STRUCTUKAL    RELATIONS. 

Opportunities  for  the  observation  of  structural  detaib  in  the 
Tolovana  district  are  meager,  owing  to  the  dearth  of  outcrops,  and 
trustworthy  generalizations  can  not  be  drawn  from  fragmentary 
data.  The  few  strikes  recorded,  however,  clearly  indicate  a  regional 
trend  of  about  N.  60°  &.  for  the  Devonian  sequence.  The  observa- 
tions on  the  dip  of  the  bedding  indicate  a  general  dip  to  the  south- 
east, but  there  are  wide  variations  in  the  degree  of  dip. 

Ot  special  interest  is  the  marked  change  in  direction  of  the  contact 
between  the  Middle  Devonian  beds  and  the  chert  formation,  on  the 
ridge  south  of  Livengood  Creek.  For  a  distance  of  3  or  4  miles  the 
contact  runs  northwest,  resulting  in  a  marked  offset  of  the  contact 
line.  This  structural  feature  is  reflected  to  a  lesser  degree  in  the 
coiirse  of  Tolovana  River,  which  for  6  miles  or  more  runs  slightly 
north  of  west,  instead  of  southeast.  Along  Lilhan  Creek  also  the 
dip  of  the  rocks  is  to  the  northeast,  instead  of  to  the  southeast,  indi- 
cating local  structural  changes.  The  elongation  of  the  sihcified  hmo- 
103210°— 18— Bull.  662 16 
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&tone  bodies  within  the  chert  in  the  valley  of  Ldrengood  Creek  reflects 
this  change.  Finally,  the  localization  of  the  auriferous  mineraliza- 
tion in  this  vicinity  is  significant.  Evidently  the  ridge  south  of 
Livengood  Creek  is  the  locus  of  some  major  structural  feature,  hut 
whether  it  is  to  be  interpreted  as  a  zone  of  faulting  or  whether  it 
represents  merely  a  flexure  in  the  regional  structure  has  not  been 
determined. 

The  interpretation  of  the  r^onal  structure  involves  the  concep- 
tion of  dynamic  thrusts  and  appressed  and  overturned  folds.  Under 
such  conditions,  particularly  with  the  present  indefinite  ideas  of  the 
limits  of  the  Paleozoic  formations,  any  estimate  of  thickness  is  usedess. 

AOE  AND  OORKELATION. 

The  only  fossils  from  the  Devonian-Silurian  (?)  sequence  so  far 
collected  in  the  Tolovana  district  are  a  small  collection  made  by  the 
writer  during  the  summer  of  1916.  They  were  found  in  pieces  of 
bedrock  taken  from  the  bottom  of  a  prospect  shaft  in  the  stream 
gravels  of  Ruth  Creek.  The  fossiliferous  rock  is  a  very  dark  gray 
crystaUine  Umestone.  The  report  of  Edwin  Kirk,  pa]eontol<^lst,  on 
these  fossils  is  as  follows: 

Eaat  fork  of  Ruth  Creek,  a  tributaiy  of  I.ivengood  Ci«ek,  about  1)  nilee  eaath  ot 
Liveogood: 

Atrypa  reticularis  (Lina^)  vnr. 
Camarotoechia  sp. 

Cyathoidiyllum  caeflpit«eum  Goldfuaa. 
Theee  toeaie  are  t:learly  of  Middle  Devonian  age. 

The  fossiliferous  Hmestone  is  interbedded  with  shale  and  sand- 
stone, and  the  rocka  intervening  between  this  fossil  locality  and  the 
chert  formation  are  similar  in  character  and  appearance.  It  is  be- 
hoved, therefore,  that  Middle  Devonian  rocks  adjoin  the  chert, 
although  this  statement  is  not  susceptible  of  proof  at  present. 

While  it  is  therefore  apparent  that  the  upper  part  of  the  gtt>up 
mapped  in  this  report  is  Middle  Devonian  yet  any  generahzation 
regarding  the  rocks  Ijring  to  the  southeast  between  the  known  Middle 
Devonian  beds  and  the  Tatelina  group  would  be  both  futile  and  pre- 
mature. The  northwestern  limit  of  the  Tatalina  group  is  unknown, 
and  hence  the  southeastern  limit  of  the  group  of  rocks  under  discus- 
sion is  doubtful  to  a  corresponding  d^ree.  Stratigraphic  data  are 
meager,  and  paleontologic  evidence  is  lacking.  Kecent  geologic  work 
in  the  White  Mountains  by  Blackwelder*  has  shown  the  presence 
of  new  stratigraphic  units  in  the  Paleozoic  of  this  r^on,  and  it  is 
certain  that  the  geologic  groups  heretofore  used  will  idtimately  be 
subdivided,  and  new  formations  will  be  defined.    Blackwelder's  data 

■  Bteckwdder,  Eliot,  op.  dt 
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iadicste  that  the  Tatalina  group  may  be  either  Cambrian  or  pre- 
Cambrian.  Therefore  this  group,  of  Middle  Devoniau  age  in  its  upper 
part,  is  assigned  tentatively  to  the  Devonian  and  questionably  in  part 
to  the  Silurian.     It  may  even  include  Cambrian  rocks. 

The  regional  strike  of  these  rocks  would  suggest  their  continuance 
to  the  northeast,  in  the  valley  of  Beaver  Creek,  filackwelder  de- 
scribes a  "black  slate  and  graywacke  group"  in  that  valley,  which 
in  the  absence  of  fossil  evidence  he  assigns  tentatively  to  the  Meeozoic. 
These  rocks  include  slates,  graywacke,  quartzite,  conglomerate  com- 
posed largely  of  chert  and  slate,  and  certain  rocks  of  pyrito-dolomitic 
character.  It  is  not  improbable  that  these  rocks  of  the  Beaver 
Creek  valley  may  eventually  be  shown  to  belong  to  the  Paleozoic 
and  to  be,  at  least  in  part,  correlative  with  the  Devonian  rocks. 

CHBBT. 

ABEAL   DISTRIBUTION. 

A  stratigraphic  series  consisting  dominantly  of  chert  crops  out  in 
a  belt  crossing  the  district  in  a  general  direction  approximating 
N.  60°  E.  The  southeastern  hmit  of  this  belt  ia  fairly  well  defined, 
but  an  inferred  fault  zone  along  the  northwest  side  of  the  belt  renders 
its  exact  dehmitation  impracticable  at  present.  This  chert  series 
forms  the  bedrock  on  Livengood  Creek  and  most  of  its  tributaries. 

Northwest  of  the.  known  Carboniferous  beds  other  rocks  of  domi- 
nantly cherty  character  occur,  but  the  relation  between  the  two 
groups  is  obscure.  A  contact  line  has  been  drawn  by  the  writer,  .but 
it  is  based  purely  on  lithologic  data  and  must  therefore  be  r^arded 
only  as  tentative.  It  is  possible  that  these  cherty  rocks'  represent 
the  upper  part  of  the  chert  formation. 

LITHOLOQT. 

The  chert  series  consists  dominantly  of  chert,  associated  with  a 
minor  proportion  of  other  rocks,  which  include  chiefly  silictfied  Ume- 
stone  and  argillaceous  rocks.  Numerous  small  intrusive  bodies  of 
greenstone  are  also  present  in  the  formation,  and  some  gramtic  rocks. 
Where  practicable  the  areas  of  siUcified  limestone,  greenstone,  and 
granitic  rocks  have  been  mapped  as  separate  units. 

The  chert  and  the  silicified  hmestone  are  the  two  most  important 
units  in  this  group,  the  former  on  account  of  its  preponderance  as  a 
formational  and  rock  type,  the  latter  on  account  of  its  pecuUar  char- 
acter and  its  possible  value  as  a  horizon  marker.  The  chert  is  a 
microcrystallino  rock  composed  of  chalcedouic  quartz,  which  imder 
the  microscope  shows  usually  only  an  a^regate  polarization.  Much 
of  it  is  brecciated  and  recemented  with  silica.  It  is  believed  to  be  of 
primary  origin — that  is,  to  be  a  rock  formed  from  original  ailioeous 
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material.  Whether  the  chert  is  derived  from  mechanically  or  chem- 
ically precipitated  silica  has  not  been  determined.  These  cherty 
rocks,  however,  in  common  with  many  of  the  earher  Paleozoic  cherts 
in  the  Yukon-Tanana  r^on,  show  no  evidence  of  secondary  origin, 
either  in  their  internal  structure  or  in  their  distribution  with  reference 
to  areas  of  intensive  mineralization.  Moreover,  the  silicified  lime- 
stone associated  with  the  chert  is  quite  different  in  character,  shows 
no  gradational  petrolc^c  features,  and  occupies  area!  units  clearly 
distinct  from  those  of  the  chert. 

The  siliciiiod  hmestones  are  separately  mapped.  They  are  pure- 
white  to  lightr^ay  or  cream-colored  rocks,  which  in  most  places  are 
greatly  silicified.  The  silicification,  however,  has  not  changed  their 
color,  which  is  an  important  criterion  in  distinguishing  them  from  the 
darker-colored  chert.  Moreover,  the  silicification  has  not  invariably 
resulted  in  the  formation  of  chalcedonic  quartz.  At  several  localities, 
notably  on  the  ridge  southeast  of  Martin  Creek,  the  silicification  has 
produced  moderately  coarse  grained  sihceous  rocks,  which,  if  grada- 
tional phases  were  lacking,  would  be  difficult  to  distinguish  from  pure- 
white  quartzite.  It  seems  most  probable  that  the  sihcification  of 
these  limestones  within  the  chert  formation  has  been  due  to  the 
circulation  of  ground  water  chaiged  with  silica  derived  from  the 
chert. 

The  chert  has  been  studied  in  more  detail  in  the  valley  of  Livengood 
Creek  than  elsewhere  in  the  district,  and  this  liiay  be  considered  as 
its  type  locality.  Mining  operations  in  Livengood  Creek  and  its 
tributaries  have  exposed  the  bedrock  at  many  places  and  have  been 
very  helpful  in  the  accumulation  of  data  r^arding  the  lithologic 
character  of  the  rocks,  Su<^  observations,  however,  on  accoimt  of 
the  deep  weathering  in  the  chert  bedrock  below  the  atiriferous  gravels, 
are  of  httio  assistance  in  determining  details  of  structure. 

Observations  on  the  rock  from  the  bottom  of  25  or  more  shafts  on 
the  bench  on  the  north  side  of  Livengood  Creek  show  that  the  bed- 
rock is  in  large  part  a  dark-gray  to  black  chert,  in  places  much  brec- 
ciated,  with  a  comparatively  small  proportion  of  other  rock  types. 
The  bedrock  under  the  gravels  weathers  deeply  to  a  red  to  black  clay, 
which  includes  numerous  particles  of  unaltered  angular  chert  fr^- 
ments.  The  rocks  associated  with  the  chert  include  aigiUite,  shale, 
greenstone,  sihcifiod  hmestone,  and  granitic  rock.  Argillaceous  rock 
in  association  with  the  chert  was  observed  only  on  four  claims,  of 
which  the  Marietta  bench  shows  such  rock  in  largest  amount.  There 
it  appears  as  a  very  carbonaceous  shale  or  aigiUite,  cut  by  numerous 
quartz  stringers.  Five  claims  showed  intrusive  bodies  of  greenstone 
in  the  chert.  SUicified  hmestone  interbedded  with  the  chert  was 
observed  on  eight  claims,  in  greatest  amount  on  the  Gan  and  Ready 
BuUion  second-tier  benches,  north  of  Livengood,  and  on  an  adjoining 
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claim  on  Myrtle  Creek.  The  sUicified  limestone  is  a  white  to  cream- 
colored  rock  that  weathers  to  tones  of  yellow  and  brown  in  the  bed- 
rock underlying  the  gravels.  Where  silicification  has  not  been  com- 
plete, circulating  ground  water  has  not  uncommonly  dissolved  much 
of  the  calcium  carbonate,  leaving  a  rock  that  resembles  a  siliceous 
sinter.  This  phase  of  weathering,  however,  was  observed  only  in  the 
bedrock  underlying  stream  graveb.  Granitic  rock  is  present  in  Amy 
Creek  and  was  observed  among  the  fragments  of  bedrock  taken  from 
a  prospect  shaft  at  the  extreme  head  of  Livengood  Creek. 

The  ridge  north  of  Livengood  Creek,  including  Livengood  Dome, 
is  composed  largdy  of  dark-gray  chert,  but  no  structural  data  on  it  are 
available.  About  three-fourths  of  a  mile  N.  15°  E.  from  Livengood 
Dome,  in  the  head  of  Willow  Creek,  the  chert  is  well  exposed.  The 
beds  are  much  faulted  and  shattered,  but  one  observation  that  seemed 
to  typify  the  general  attitude  gave  a  strike  of  N.  75°  E.  and  a  dip  of 
65°  S.  The  chert  on  livengood  Dome  is  dark  gray  to  black,  much 
brecciated,  and  locally  banded. 

A  body  of  siliclfied  limestone  of  considerable  size  occurs  on  this 
ridge  between  Livengood  and  Myrtle  creeks,  extending  down  the  spur 
between  Franklin  and  Wonder  gulches  into  the  valley  of  Livengood 
Creek.  A  small  body  of  such  limestone  is  also  present  in  the  saddle 
at  the  head  of  Myrtle  Creek. 

On  the  south  wall  of  the  valley  of  Livengood  Creek  the  chert  is 
essentially  the  same  in  character.  Bodies  of  silicified  limestone  are 
present  in  the  East  Fork  of  Gertrude  Creek,  along  the  west  side  of 
Amy  Creek  near  its  mouth,  and  along  the  north  side  of  Goodluck 
Creek  just  above  its  confluenco  with  Livengood  Creek.  The  lime- 
stone in  Amy  Creek  is  well  bedded,  the  beds  averaging  perhaps  1  foot 
in  thickness.  It  is  little  silici£ed.  One  observation  shows  a  strike 
of  S.  10"  W,  with  a  vertical  dip.  A  body  of  graphitic  argilUte,  similar 
to  that  observed  on  the  Marietta  claim,  intervenes  between  this  lime- 
stone and  the  chert  in  Livengood  Creek. 

Reports  from  many  prospect  shafts  on  the  South  Fork  of  Hess 
River,  supplemented  by  examination  of  the  dumps  at  numerous 
places,  show  that  the  bedrock  underlying  the  gravels  is  mainly  dark- 
gray  or  black  chert  with  some  argillaceous  rocks.  One  body  of 
silicified  limestone  is  known  to  be  present  along  the  west  wall  of  the 
vaUey  about  a  quarter  of  a  mile  above  the  road  house  opposite  the 
mouth  of  Alabam  Creek. 

The  rock  ^ong  the  ridge  east  of  the  South  Fork  of  Hess  River  is 
universally  chert,  but  good  exposures  showing  structure  are  lacking. 
The  chert  on  the  point  of  the  spur  northwest  of  Alabam  Creek  is 
worthy  of  especial  note  on  account  of  its  extremely  brecciated  and 
recomentod  character.    A  Uttle  red  slate  was  noted  in  talus  at  the 
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heads  of  Patterson  and  Slope  creeks.  A  large  body  of  silicified  lime- 
stone, resembling  pure-white  quartzite,  occurs  along  the  ridge  south- 
east of  Martin  Creek. 

He  ridge  around  the  head  of  Moose  Creek  is  almost  entirdj  chert. 
One  structural  observation  shows  the  chert  to  strike  N.  65°  E.  and 
dip  80°  SE.  Small  amounte  of  cherty  grit  and  chert  conglomerate 
are  also  present  on  this  ridge. 

On  the  slope  of  the  spur  on  the  east  side  of  Butte  Creek  a  good  deal 
of  shale  and  slate  and  a  little  sandstone  were  found  in  association 
with  the  chert.  This  spur  is  mapped  as  a  part  of  the  chert  formsr- 
tion.  The  bedrock  of  Crater  Creek  is  mainly  chert.  The  sbaly  and 
sandy  beds  above  mentioned  may  be  part  of  another  formation 
infolded  or  infaulted,  or  tbey  may  indicate  a  change  in  the  charac- 
ter of  the  sedimente  to  the  east.  The  former  hypothesis  seems  the 
more  probable. 

That  the  chert  series  continues  to  the  northeast  is  indicated  by  the 
following  facts:  The  ridge  forming  the  divide  between  Tolovana 
River  and  Victoria  Creek  is  shown  by  the  traverses  of  Prindle  and 
Hess  (1904)  and  Stone  (1906)  to  consist  of  chert,  white  quartzite, 
and  shaly  beds.  It  is  not  improbable  that  the  white  quartzite 
recorded  represents  the  silicified  limestone  recognized  farther  west. 
Stone's  traverse  also  shows  many  outcrops  of  quartzite  in  the  valley 
of  Victoria  Creek,  together  with  some  chert,  which  may  possibly 
indicate  the  continuation  of  the  chert  series  that  far  northeast,  in  a 
more  metamorphosed  phase. 

Southwest  of  the  Tolovana  district  the  chert  continues  along  the 
ridge  north  of  the  West  Fork  of  Tolovana  River,  as  shown  by  the 
traverse  of  Prindle  and  Johnson  (1909).  Chert  as  a  formational 
unit,  however,  seems  to  end  at  about  meridian  149°  20',  at  the  head 
of  Mud  Fork  of  Troublesome  Creek,  apparently  not  continuing  south- 
westward  into  the  Rampart  district. 

Little  is  known  of  the  cherty  rocks  adjoining  the  Carboniferous 
rocks  on  the  northwest,  partly  because  this  occurrence  of  chert  has 
beea  studied  only  near  the  Carboniferous  series  and  partly  because 
of  lack  of  exposures  along  the  ridge  northwest  of  the  North  Fork  of 
Hess  River.  The  hue  drawn  between  the  chert  add  the  Carboniferous 
rocks  is  based  only  on  differences  in  hthologic  character  and  is  not 
considered  final. 

One  observation  taken  on  the  chert  northwest  of  the  Carboniferous 
rocks  shows  a  strike  of  N.  40°  E.  and  a  dip  of  35°  SE.  The  presence 
of  numerous  dikes  and  some  fairly  lai^e  bodies  of  basaltic  igneous 
rock,  including  diabase  and  basalt,  in  this  chert  area  indicates  that 
the  large  area  of  basic  intrusivea  known  farther  west  and  southwest 
lies  in  ciose  proximity  to  these  rocks. 
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lONBOUS  BOOKS. 

Intrusive  rocks,  similar  in  part  to  those  which  occur  in  the  Middle 
Devonian  sequence,  are  likewise  represented,  though  to  a  much  less 
degree,  in  the  chert.  There  are  many  basaltic  Latntsives  in  the  chert 
in  Livengood  Creek  and  at  other  localities  to  the  northeast.  Many 
such  dikes,  particularly  in  the  valleys  where  circulating  waters  have 
heea  most  active,  have  developed  a  decided  greenstone  hahit,  but 
similar  rocks  on  the  ridges  are  not  ioTariably  altered  to  the  same 
extent.  Basic  intrusiTss  are  abundant  and  large  in  the  chert  north- 
west of  the  CarbonifOTOus  sequence. 

The  chief  known  occurrence  of  granitic  rock  is  in  Amy  Creek,  where 
a  body  of  albite  granite  iatrudes  the  chert  formation.  On  the  ridge 
east  of  Butte  Creek  a  syenite  porphyry  intrudes  the  countxy  rock. 

STROCTUBAI,   RELATIONS. 

The  few  structural  observations  so  far  obtained  on  the  chert  serve 
to  show  the  structure  only  in  a  most  general  way.  There  appears  to 
be  a  general  strike  of  about  N.  65°  E.  with  faiiiy  steep  dips  to  the 
southeast.  Enough  observations  have  not  yet  been  obtained  to 
prove  this  general  dip  to  the  southeast,  bat  the  evidence  in  hand 
suggests  it  strongly.  If  this  is  the  true  dip  the  main  body  of  chert 
can  not  be  thought  of  as  a  simple  synclinal  or  anticlinal  occurrence. 

This  southeastward  dip  causes  the  chert  formation  to  pitch  under 
the  Middle  Devonian  beds,  thus  at  Gist  sight  suggesting  that  the 
chert  stratigraphically  underlies  the  Middle  Devonian  rocks.  This 
interpretation,  however,  is  deemed  untenable,  because  if  such  were 
the  case  the  chert  would  have  been  recognized  in  the  stratigraphic 
sequence  exposed  in  the  White  Mountains  and  vicinity.  The  idea 
is  advanced  therefore  that  the  chert  probably  represents  part  of  a 
sequence  of  Paleozoic  rocks,  overturned  to  the  northwest.  In  the 
light  of  this  interpretation  the  chert  is  behoved  to  he  stratigraphically 
above  the  Middle  Devonian  rocks.  It  will  require  a  much  more 
detailed  study  to  determine  whether  the  chert  hes  conformably  or 
unconformahly  on  the  Middle  Devonian. 

lie  width  of  outcrop  of  the  main  chert  belt  in  the  South  Fork  of 
Hess  River  (between  8  and  9  miles),  together  with  the  isochnal  dips, 
suggests  strongly  that  there  is  much  duphcation  of  beds.  It  is  likely 
that  close  overturned  folding  is  the  major  structural  feature,  but 
whether  the  folds  are  dominantly  anticUnal  or  syncUnal  is  not  known. 
Extreme  brecciation  at  certain  loc&Uties  su^eets  faulting  within 
the  chert.  The  recognition  of  these  facts  without  the  details  neces- 
sary to  determine  the  magnitude  of  the  duphcation  renders  any  esti- 
mate of  thickness  very  unreliable.  In  general,  however,  the  absence 
of  any  considerable  area  of  infolded  beds  over  a  belt  8  miles  or  more 
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wide,  in  rocks  having  such  a  structiu'e,  argues  for  a  very  considerable 
thickness  of  the  beds,  amounting  probably  to  several  thousand  feet. 

AGE   AND  COHRELATION. 

Although  the  chert  ia  interpreted  to  he  stratigraphicallj  above  the 
Middle  Devonian  beda,  the  relation  between  the  two  is  obscure. 
However,  the  age  of  the  chert  formation  is  known  within  certain 
limits — that  is,  it  is  behoved  to  be  not  older  than  Middle  Devonian 
nor  younger  than  Pennsylvanian,  The  latter  inference  is  based  on 
the  presence  of  Pennsylvanian  fossils  in  the  Carboniferous  rocks 
northwest  of  the  main  chert  belt.  These  Pennsylvanian  beds  are 
believed  to  overUe  the  chert  and  older  rocks  of  the  district  uncon- 
formably. 

The  chert  is  a  new  unit  in  the  stratigraphy  of  the  Fairbanks  quad- 
rangle, and  hence  no  formational  correlation  is  possible.  It  is  worthy 
of  note,  however,  that  Blackwelder,'  in  his  traverse  down  Beaver 
Creek,  noted  in  its  lower  course  a  series  of  rocks  the  most  abundant 
of  whi<^  were  "basic  lavas,  tuffs,  and  breccias,  associated  with  mas- 
aive  chert,  cherty  dolomite,  sihceous  slate,  and  black  slate,  and  gray- 
wacke  flags."  He  recognizes  the  lack  of  similarity  of  such  a  sequence 
to  anything  observed  by  him  in  the  White  Mountain  section  and  does 
not  attempt  to  assign  it  to  a  definite  stratigraphic  horizon.  It  ia 
possible  that  the  chert  formation  may  be  represented  in  part  by  these 
rocks. 

CABBOHIFBIIOUS  ROCKS. 

ASEAL  DISTRraUTION. 

A  belt  of  rocks  of  Carboniferous  age  extends  from  the  northeast 
comer  of  the  Tolovana  district  in  a  general  southwesterly  direction 
into  the  valley  of  Hesa  River,  This  belt  is  about  2  miles  wide  and  has 
a  known  extent  of  about  15  miles.  -  Its  lateral  limits,  however,  are 
defined  only  on  Hthologic  grounds. 

LrrnoLOQic  chabaoteb. 
This  Carboniferous  scries  was  first  recognized  by  Prindle '  and 
described  as  "greenish,  grayish,  and  black  slates,  with  siliceous  mate- 
rial," Rocks  of  similar  appearance  were  observed  by  the  writer  at 
the  head  of  Wilson  Creek,  near  the  line  of  the  Prindle  and  Hess 
traverse  of  1904,  and  along  a  narrow  zone  northwest  of  the  North 
Fork  of  Hess  River,  The  rocks  in  that  vicinity  are  sandstone,  slate, 
shale,  and  argiUite,  with  a  minor  amount  of  chert.  Basic  intmsives 
are  also  abundant. 

I  BtatkwaldBT,  Eliot,  Geology  ot  tbe  nOTtbern  part  of  the  Yukon-TiuuinB  rcslon:  U.  B.  Cool.  Survey 
Bull.  —  (in  prepamloD). 

>  PrlndlB,  L.  If.,  The  Palrbonlu  and  llampart  quadraoKle*,  Yukon-Tanuia  region,  Al«akK  U.  8.  OeoL 
Survey  BulL  asr,  pp.  23-23, 1M8. 
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STBDCTDBAL  RELATIONS. 

No  structxiral  data  were  collected  on  the  low  ridges  in  this  part  of 
the  district,  and  the  only  hope  of  procuring  further  data  of  this  sort 
13  by  hunting  outcrops  in  the  timber  and  tundra-covered  valleys, 
Prindle'  reports  that  these  rocks  dip  southeastward  under  the  older 
formations.  This  structure  is  in  accord  with  the  regional  structure 
as  observed  in  the  chert  belt  and  in  the  older  rocks. 

This  belt  of  Carboniferous  rocks,  as  mapped,  trends  about  N.  50°  E., 
which  b  from  10°  to  15°  at  variance  with  the  regional  strike  of  the 
older  rocks.  It  is  possible  that  this  variation  may  denote  an  uncon- 
formable relation  to  the  underlying  rocks.  The  Carboniferous  rocks 
are  believed  to  end  in  the  South  Fork  of  Hess  River,  aloi^  the  fault 
zone  previously  postulated. 

AGE. 

Three  fossil  collections  have  been  made  by  Prindle*  and  Hess,  and 
it  is  upon  these  that  the  age  determination  is  based.  Lists  of  these 
fossils  have  been  twice  published  and  need  not  be  included  in  this 
paper.  It  suffices  to  say  that  Mr.  Girty  regards  the  fauna  as  repre- 
sentative of  the  Pennsylvanian  or  possibly  of  the  Permian. 

lONIlOTTS  BOCKS. 

The  igneous  rocks  of  the  Tolovana  district  are  divisible  broadly  into 
two  general  types,  the  extrusive  and  the  intrusive  rocks,  which,  how- 
ever, are  not  altogether  mutually  exclusive.  Much  detailed  petro- 
graphic  and  stratigraphic  study  in  the  Yukon-Tanana  region  will  be 
necessary  before  any  comprehensive  discussion  of  the  igneous  rocks 
will  be  possible. 

The  distribution  of  certain  basic  extrusive  lavas  of  Devonian  age 
is  discussed  on  p^e  237.  Little  is  knOwn  of  their  original  petro- 
graphic  character.  In  the  vicinity  of  Livengood  they  are  serpentine 
rocks,  cut  by  other  scrpentinous  veinlets  and  stringers.  Considerable 
ma^etite  is  also  present.  This  serpentine  is  greatjy  crushed  and 
altered,  a  fact  which  is  most  apparent  at  Livengood,  where  such  rock 
is  well  exposed.  It  is  quite  patent  that  the  serpentine  is  a  secondary 
product,  derived  from  the  alteration  of  some  basic  rock  of  unknown 
original  character.  This  serpentine  resembles  petrographically  the 
long  ridgea  of  serpentine  mapped  by  Prindle'  and  the  writer  in  the 
Circle  quadrangle,  to  the  east  of  the  Fairbanks  quadrangle.  It  is  a 
well-known  fact  that  basic  volcanism  has  been  a  recurrent  event  in 

1  Prindle,  L.  U.,  A  gwloglc  reconnalssanis  d[  the  Fairbanks  quadnQgle,  Alaska:  U.  S.  GooL  Survey 
Bull.  b2i.  p.  46, 1013. 

■  Prtadlr,  L.  11.,  A  ireoloRlc  recannalasiuiM  of  the  Circle  quadnmelc,  Alaska:  U.  8.  Oeal.  Biirvoy  Bull. 
S3S,  pi.  a,  1913. 
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the  Paleozoic  and  Mesozoic  history  of  the  Yukon-Tanana  region  and 
in  the  Tertiary  history  of  soathwestem  Alaska.  Hence  general 
petrographic  similarity  can  not  be  accepted  as  the  sole  basis  for 
correlation  of  these  rocks  over  lai^e  areas,  but  subsequent  work  may 
demonstrate  the  presence  of  distinctive  petrographic  features  which 
will  justify  such  correlation. 

Certain  other  basic  igneous  rocks,  described  generically  as  green- 
stone by  earher  workers,  occur  in  the  Tolovana  district  and  in  the 
areas  to  the  east  and  west.  Some  of  these  are  doubtless  extrusive 
lavas  in  the  Devonian  sequence,  and  others  may  be  intrusive  rocte  of 
various  ages.  The  greenstone  sequence  along  the  Yukon  from  Fort 
Hamlin  to  the  mouUi  of  Hess  Biver  is  thought  by  Frindle  to  belong 
to  the  extrusive  type.  Likewise  the  greenstones  in  the  Devonian 
rocks  northeast  and  southwest  of  the  Tolovana  district  are  probably 
in  lai^e  part  flows  contemporary  with  the  including  sediments.  On 
the  other  hand,  certain  bodies  of  basic  igneous  rock  in  the  Tolovana 
district,  and  doubtless  others  in  near-by  areas,  which  are  younger, 
are  probably  post-Faleozoic.  Within  the  Tolovana  district  proper 
these  rocks  seem  to  be  mainly  intrusive,  but  it  is  likely  that  in  unex- 
plored areas  they  have  extrusive  phases.  It  is  difficult  and  at 
present  quite  impracticable  to  separate  the  basic  rocks  on  the  basis 
of  age  for  two  reasons — first,  because  Mesozoic  rocks  in  large 
mappable  units  have  not  been  recognized  in  this  district,  and 
second,  because  the  degree  of  alteration  of  the  basic  intrusives  is 
not  dependent  alone  on  their  relative  age  and  is  therefore  an  unsafe 
criterion  for  drawing  age  distinctions  over  large  areas.  Hence  all  ihe 
basic  intrusives  and  extnisives,  with  the  exception  of  the  serpen- 
tine, are  mapped  as  a  unit. 

It  is  worth  while,  however,  to  describe  briefly  the  basic  rock  at 
certain  locaUties  in  the  Tolcfvana  district  where  it  appears  to  be  in- 
trusive. The  body  of  basaltic  rock  lying  along  the  north  side  of  Amy 
Dome  ranges  in  character  from  a  basalt  to  a  pyroxene  andesite. 
At  the  east  end  of  tiie  area  mapped  the  rock  is  typically  basaltic, 
being  composed  essentially  of  labradorite,  pyroxene,  and  magnetite. 
Much  yellowish-^reen  and  colorless  chloritic  material  is  present  in 
veins  and  seams  and  in  the  body  of  the  rock,  indicating  considerable 
alteration.  At  the  west  oad  the  ro<^  appeara  to  be  a  porphyritic 
pyroxene  andesite,  composed  essentially  of  augite  and  oligoclase- 
albite,  with  magnetite.  It  shows  little  or  no  alteration.  Though 
these  two  rooks  are  mapped  as  a  single  unit,  more  detailed  work  may 
serve  to  differentiate  them  as  separate  types,  perhaps  of  quite  dif- 
ferent age.  The  sodic  character  of  the  feldspar  seems  to  indicate 
that  the  pyroxene  andesite  is  to  be  correlated  with  other  sodic  rocks  on 
this  ridge,  which  are  almost  certainly  of  Mesozoic  or  Tertiary  age. 
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Thin  sections  of  two  dikes  found  in  the  <^ert  bedrock  in  Livengood 
Creek  ^ow  a  basalt  and  a  diabase.  The  basalt  is  much  shattered  and 
seamed  by  reinlets  of  caloite  and  chloritic  material  and  ha^  a  general 
greenstone  habit,  the  feldspars  being  chloritized  and  indeterminate 
and  the  mafic  minerals,  with  the  exception  of  magnetite,  being 
entirely  chloritized.  The  diabase  is  less  altered,  the  feldspar  showing 
only  partial  chloritization,  and  the  pyroxene,  a  titaniferous  auglte, 
being  comparatively  unaltered. 

A  basic  rock  that  cuts  the  silicified  limestone  on  the  spur  between 
Franklin  and  Wonder  gulches,  in  the  Livengood  Valley,  showed 
considerable  alteration  but  is  nevertheless  clearly  determinable  as  an 
olivine  basalt. 

Another  dike  rock  of  diabasic  aflSnity  cuts  the  Carboniferous  rocks 
on  the  spur  east  of  Half  Moon  Creek.  This  rock  contains  labradorite, 
augite,  chloritized  biotite,  quartz  in  the  interstices,  and  magnetite. 
It  is  a  quartz  diabase,  as  nearly  as  it  may  be  described. 

Only  one  thin  section  of  the  basic  intnisives  northwest  of  the  North 
Fork  of  Hess  River  was  studied.  This  section,  however,  seemed  to 
be  typical  of  these  rocks.  It  is  a  granular  rock,  composed  of  augite 
and  labradorite,  both  partly  altered;  biotite,  a  little  chloritized; 
quartz;  and  magnetite.  It  should  also  be  described  as  a  quartz 
diabase.  Similar  rocks  on  the  ridge  north  of  the  forks  of  Hess  River 
seem  to  be  coarser  in  grain,  approaching  more  nearly  a  gabbroic  type. 
Neither  of  these  types  could  be  considered  as  showing  a  greenstone 
habit. 

All  the  basic  rocks,  including  both  intrusivea  and  extrusives, 
irrespective  of  age,  are  mapped  collectively  as  a  unit. 

Intrusives  of  acidic  and  intermediate  types  are  also  present  in  the 
Tolovana  district  and  surrounding  areas.  It  is  believed  that  these 
are  in  part  of  Mesozoic  age  and  possibly  in  part  of  Tertiary  age. 
It  ia.likely,  however,  that  they  represent  several  epochs  and  numerous 
stages  of  intrusive  volcanism. 

Dioritic  rock  crops  out  in  one  place  on  the  spur  between  Lillian 
and  Olive  creeks,  forms  the  top  of  Amy  Dome,  and  is  present  in  the 
valley  of  the  North  Fork  of  Hess  River.  There  are  some  differences  in 
these  occurrences,  though  a  general  family  resemblance  is  observable. 
The  rock  between  LiUian  and  Olive  creeks  is  a  hornblende  diorite, 
somewhat  altered.  It  consists  of  cloudy  plagioclase  of  the  compo- 
sition of  basic  oligoclase  or  acidic  andesine,  hornblende,  a  Uttle 
pyroxene  largely  altered  to  secondary  hornblende,  epidote,  sericite, 
and  calcitc,  tbe  last  two  derived  largely  from  the  feldspar.  Several 
specimens  from  Amy  Dome  show  the  presence  of  hornblende  diorite 
and  quartz-hornblende  diorite,  both  much  chloritized,  kaolinized 
and  sericitized.  Epidote  is  also  developed.  The  rock  in  the  Heas 
River  valley  ia  likewise  an  altered  hornblende  diorite. 
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Of  particular  interest  are  an  albite  granite  exposed  on  Amy  Creek 
and  a  soda  rhyolite  which  intrudes  the  Middle  Devonian  sediments 
on  the  top  gf  the  ridge  at  tho  heads  of  !Ruth,  Lillian,  and  Ohve  creeks. 
The  rhyohte  is  a  porphyritic  acidic  rock  found  in' association  with 
a  lode  deposit,  described  on  page  274,  The  phenocrysts  are  albite 
(Ab„Ang),  and  the  groundmass  is  composed  of  similar  albite, 
quartz,  and  prismatic  and  irregular  areas  of  iron  hydroxides,  sug- 
gesting the  presence  of  original  hornblende  or  biotite.  This  rock  is 
heavily  minerahzed  by  pyrite  and  is  cut  by  veinlets  of  quartz. 

The  dioritic  and  more  acidic  intrusives,  including  tho  two  types 
above  described,  are  mapped  as  a  single  unit. 

QXTATEBKART  DEPOSTIS. 
TTPB3. 

Three  general  types  of  Quaternary  deposits  have  been  recognized 
in  the  Tolovana  district — fiuviatilc  deposits,  silts,  and  residual 
material. 

The  fiuTiatile  deposits  are  those  which  have  formed  and  are  still  in 
process  of  formation  in  stream  valleys,  under  the  influence  of  running 
water.  They  are  divisible  into  two  subtypes,  the  older  and  the  youi^er 
deposits,  which  are  represented,  respectively,  by  the  bench  deposits 
and  the  present  stream  deposits.  The  bench  deposits  occupy  the 
bottoms  of  old  erosional  channels.  Along  the  present  streams  that 
occupy  the  same  channeLj  as  their  predecessors  and  have  cut  through 
tho  older  deposits  it  is  in  places  possible  to  observe  details  of  their 
character  and  structure,  but  on  account  of  extensive  changes  in 
drainage,  the  overlying  mantle  of  later  sediments  and  residual  mate- 
rial, and  the  coverii^  of  vegetation  in  tho  valleys,  the  places  where 
observations  can  he  made  on  the  bench  deposits  are  very  few.  Over 
much  of  the  Tolovana  dfetrict  the  vallejre  are  open,  many  of  the 
interstream  divides  are  low,  later  sedimentation  is  widespread,  and 
chaises  in  the  stream  channels  have  been  common.  Hence,  knowl- 
edge of  the  bench  deposits  is  dependent  in  lat^e  measure  on  excava- 
tions resulting  from  placer-mining  operations.  At  present  the  only 
bench  deposits  that  are  open  to  examination  are  those  in  the  old 
stream  channel  along  the  north  side  of  the  valley  of  Lirengood 
Creek. 

The  silts  are  the  fine  sediments  which  mantle  many  of  the  fluviatile 
deposits  and  extend  upward  onto  the  spurs,  and  the  low  interstream 
divides. 

The    residual    material    comprises    talus,    material    accumulated 
through  solifluction,  and  rock  debris  nearly  in  place. 
BENCH   DEPOSITS. 

The  bench  deposits  on  Livcngood  Crtok  occur  in  a  single  well- 
de&ied  channel,  which  begins  at  some  undetermined  point  in  the 
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upper  part  of  the  Livengood  Valley  and  extends  down  the  valley  to 
its  junction  with  the  valley  of  Myrtle  Creek,  At  this  point  there  is  a 
decided  steepening  of  the  grade  of  the  old  channel,  and  it  has  been 
established  by  drill  holes  and  prospect  shafts  that  the  gravels  con- 
tinue downward  on  this  grade  to  join  with  similar  gravels  whidi  are 
deeply  covered  in  the  lower  part  of  Livengood  Valley. 

Underground  mining  on  these  bench  gravels  has  not  been  carried 
far  enough  to  nuike  any  generalization  concemii^  their  width  or 
concerning  the  position  of  the  tributary  channels  that  must  have 
joined  the  main  channel  Irom  both  sides  of  the  valley.  Yet  the 
general  alignment  of  the  mining  plants  along  the  auriferous  channel 
on  this  bench  and  the  offset  of  certain  plants  toward  the  creek  indicate 
the  presence  of  such  subsidiary  channels. 

The  older  fluviatile  or  bench  deposits  of  Livengood  Creek  consist 
essentially  of  well-rounded  gravels,  commonly  ranging  from  half  an 
inch  to  a  foot  in  diameter.  They  are  composed  lai^ely  of  dark-^ay 
and  black  chert,  with  a  smaller  proportion  of  basic  igneous  rocks  and 
some  sihcified  limestone.  The  average  thickness  of  the  gravels  in  the 
main  channel,  calculated  from  13  observations  in  the  underground 
placer  workings,  is  about  16  feet,  but  the  thickness  is  by  no  means 
constant,  the  minimum  and  maximum  measurements  being,  respec- 
tively, 6  and  40  feet.  At  every  locality  except  one  the  gravels 
formed  a  solid  sheet,  without  any  important  interatratification  of 
finer  material.  On  the  Ready  Bullion,  a  second  tier  bench  opposite 
the  lower  part  of  Discovery  claim,  the  section  in  the  shaft  shows  9  feet 
of  gravel  on  bedrock,  overlain  by  4  feet  of  muck,  which  in  turn  is 
overlain  by  16  feet  of  gravel. 

On  the  spur  between  Franklin  and  Wonder  creeks,  about  1,000  feet 
north  of  the  auriferous  bench  channel,  the  depth  of  bedrock  is  only  4 
feet,  A  series  of  drill  holes  extending  up  this  spur  at  intervals  of  100 
feet  for  a  distance  of  600  feet  have  disdosod  the  presence  of  a  atill 
higher  body  of  gravel,  lying  in  a  channel-hke  depression  that  attains  a 
depth  of  106feet.  The  northern  limit  of  the  gravel  up  the  spur  has  not 
been  determined.  The  exact  significance  of  this  high  gravel  deposit 
is  not  known.  If  drilling  shows  such  gravel  to  be  present  on  the  other 
spurs  along  the  north  side  of  Livengood  Creek,  in  a  bedrock  channel, 
it  will  be  taken  aa  evidence  of  the  existence  of  an  old  channel  of  Liven- 
good Creek  formed  still  earher  than  the  auriferous  bench  channel.  If 
present  only  on  a  single  spur,  this  body  of  gravel  may  be  interpreted  as 
a  delta  deposit,  under  assumed  conditions  of  lacustrine  or  estuarine 
inundation.  The  gravelly  material  in  this  deposit  is  composed 
largely  of  white  flint  and  quartz,  differing  noticeably  from  the  aurifer- 
ous bench  and  stream  gra-rab  of  Livengood  Creek,  which  are  composed 


DicMzedbyGoOglC 


250  MINEKAL  BESOUECES  OF  ALASKA,  1918. 

mainly  of  dark  flinty  material.  This  white  gravel  resembleB  most 
closely  the  lighter-colored  chert  that  foims  Uvengood  Dome,  to  the 
north. 

PBESBNT   STREAM  DEFOSITS. 

The  present  stream  deposits  occupy  the  erosional  channels  of  the 
existii^  Btreams  and  have  been  laid  down  under  the  action  of  running 
water  during  the  latest  cycle  of  erosion,  subsequent  to  the  period  of 
general  silt  alluviation.  It  is  believed  that  these  deposits,  beginning 
at  the  headwaters,  extend  downstream  as  alluvial  blankets,  overlying 
the  heavy  deposits  of  silt  that  fill  the  valley  bottoms.  The  deposits 
differ  in  character  at  different  localities,  owing  in  large  part  to  the 
adjustment  of  the  recent  streams  to  a  new  base-level.  This  adjust- 
ment has  worked  progressively  upstream,  resulting  in  the  simultaneous 
deposition  of  coarse  and  fine  sediments  at  different  locahties.  Local 
conditions,  such  as  superimposed  drainage  and  stream  piracy,  have 
also  operated  to  cause  abnormal  conditions  of  erosion,  resulting  in 
differences  in  the  character  and  dmtribution  of  the  deposits. 

The  recent  deposits  are  composed  at  some  localities  of  gravels  alone, 
but  more  commonly  they  consist  of  gravels  overlain  by  finer  sediments, 
largely  muck,  or  silt  containing  a  large  quantity  of  plant  remains.  It 
is  only  where  the  overlying  silt  is  absent  or  where  mining  operations 
have  exposed  the  gravels  in  the  creeks  that  the  gravels  may  be  seen. 
Thus  the  larger  streams,  such  as  Tolovana  and  Hess  rivers,  have  well- 
developed  gravel  bars  in  their  upper  courses.  Likewise  some  of  their 
largei'  tributaries,  in  their  lower  courses,  flow  over  gravel  beds.  But 
the  headwater  tributaries  flow  usually  between  cut  banks  of  silt  and 
carry  only  a  thin  vesieer  of  iron-stained  gravel  in  their  beds,  the 
main  body  of  gravels  being  buried  beneath  the  silt. 

The  main  gravel  sheets  of  the  present  streams  are  not  materially 
different  in  character  from  the  bendi  gravels,  being  of  moderate  size, 
well  rounded,  and  made  up  of  rock  dfibris  of  the  same  sort.  The 
overlying  muck,  in  the  headwater  tributaries,  is  thought  to  be 
reworked  sediment  derived  largely  from  the  heavy  body  of  silt  that 
mantles  the  r^on.  It  is  likely  that  sediments  of  intermediate  grade 
he  between  the  stream  gravels  and  the  overlying  silt  at  many  locali- 
ties. This  condition  is  known  to  exist  in  Livengood  Creek,  at  the 
mouth  of  Gertrude  Creek.  A  shaft  at  this  locality  exposed  10  feet  of 
gravel  lying  on  bedrock  and  overlain  by  fine  gravel  and  sand  (the 
"chicken  feed"  of  the  miners),  which  in  turn  is  overlain  by  6  feet  of 
muck.  The  iron-stained  gravels  that  occur  as  a  thin  veneer  In  the 
beds  of  some  of  the  headwater  streams  are  only  imperfectly  rounded 
and  show  the  effects  of  rapid  transportation  at  stages  of  high  water. 
Such  gravels  are  relatively  insignificant. 
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The  silts  form  a  geDeral  covering  over  the  older  fluviatile  deposits 
filling  the  valleys  and  mantJii^  the  lower  spurs  and  interstream 
divides.  They  have  been  observed  up  to  an  elevation  of  1,200  feet 
in  the  saddle  between  Livengood  Creek  and  the  South  Fork  of  Hess 
River.  Later  excavations  on  higher  divides  may  prove  the  existence 
of  such  silts  at  still  higher  elevations.  It  is  of  interest  in  this  connec- 
tion to  note  that  Frindle  *  maps  terrace  deposits  up  to  an  elevation 
of  1,800  feet  in  the  valley  of  Beaver  Creek,  up  to  1,600  feet  on  the 
east,  at  the  bead  of  Tolovana  River,  and  up  to  1,400  feet  at  the  head 
of  the  West  Fork  of  Tolovana  River.  It  may  not  be  affirmed  posi- 
tively, however,  that  the  silt  was  deposited  uniformly  up  to  an  eleva^ 
tion  of  1,200  feet  or  higher.  It  is  quite  possible  that  the  alluvial 
surface,  at  the  end  of  the  period  of  silt  sedimentation,  was  a  sloping 
one,  attaining  an  elevation  of  1,200  feet  or  higher  on  the  interstream 
divides  but  descending  graduaOy  to  some  unknown  lower  level  in  the 
lower  valleys. 

On  Livengood  Creek  the  original  silt  is  a  very  fine  sediment,  ranging 
in  color  from  black  to  blue-black,  with  local  brown  or  yellow-brown 
phases.  Specimens  of  the  black  silt  alter  drying  become  an  ordinary 
earthy  yellow-brown  color.  The  silt  is  bedded,  but  on  the  Liven- 
good bench,  where  it  was  seen  most  often,  it  is  frozen  and  seamed 
with  ice,  and  its  examination  in  the  mining  shaft  gives  most  unsatis- 
factory results.  Detailed  microscopic  studies  of  the  silts  have  not 
been  made,  but  they  appear  to  be  composed  mainly  of  quartz  grains, 
with  considerable  amounts  of  mafic  minerals,  including  mica  and 
some  clay. 

SBSIDUAI,  UATEBIAL. 

The  Tolovana  district  has  a  heavy  covering  of  residual  debris  pro- 
duced by  weathering,  ranging  in  size  from  clayey  material  to  coarse 
rock  talus.  The  talus,  however,  is  restricted  to  the  sides  of  high 
knobs  that  stand  above  the  general  ridge  level.  The  tops  and  sides  of 
the  low  ridges  and  the  sides  of  the  high  ones  are  for  the  most  part 
covered  by  a  mantle  of  residue  material,  derived  from  the  underlying 
bedrock.  This  material  is  produced  by  the  action  of  frost  and  water 
and  is  not  rounded  or  sorted.  Such  material  on  the  sides  of  the 
ridges  moves  gradually  downhill,  producing,  in  locaUties  where  the 
conditions  are  favorable,  solifiuctional  slopes.  Much, of  the  muck 
covering  the  present  stream  gravels  doubtless  migrated  from  the  hills 
downward  into  the  valleys  in  this  manner. 

u  U.  B.  0«oL  Bnrrty 
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QDATERNABT  I1I8TOBY. 

Ab  no  Tertiary  deposits  are  known  to  be  present  in  the  Tolovana 
district,  the  conditions  existing  at  the  beginning  of  the  Quaternary 
period  can  not  be  fully  understood.  The  oldest  unconsolidated  de- 
posits of  which  there  is  any  record  are  the  older  fluvlatile  gravels, 
such  as  those  on  the  bench  along  the  north  side  of  Livengood 
Creek.  At  the  time  of  their  deposition  the  hills  and  Talleys  showed  a 
mature  topography  having  the  general  configuration  of  the  top<^aphy 
of  to-day.  The  master  streams,  however,  had  a  much  lower  base- 
level  than  at  present,  and  the  streams  were  more  deeply  incised  in 
their  valleys.  Normal  stream  gradients  with  the  characteristic 
headward  steepening  were  'the  rule,  and  sg^adation  of  gravelly 
material  had  worked  progressively  upstream  into  the  headwaters. 
In  their  lower  courses  the  streams  were  in  the  stage  of  late  maturity, 
had  widened  their  valleys  somewhat  by  lateral  planation,  and  were 
aggrading  with  fine  sediments. 

At  this  stage  in  the  physiographic  history  the  base-level  of  the 
master  streams  b^an  to  be  elevated,  and  aggradation  of  the  valleys 
by  silts  became  the  universal  condition.  As  a  result,  all  the  valleys 
were  deeply  buried  with  silt,  which  at  many  locahties  was  deposited 
up  to  an  elevation  of  1,200  feet.  The  initiation  of  this  new  base- 
level,  however,  was  in  general  a  gradual  process,  hut  certain  observa- 
tions in  the  Tolovana  drainage  basin  show  that  there  was  at  least 
one  long  intermission  in  the  process  during  which  the  base-level 
remained  constant. 

On  Ready  Bullion,  a  second  tier  bench  opposite  the  lower  part  of 
Discovery  daira  on  Livengood  Creek,  the  deepest  shaft  shows  a  depth 
to  bedrock  of  about  100  feet.  On  claim  No.  3  below  Discovery  on 
Myrtle  Creek,  near  the  mouth  of  that  stream,  the  depth  is  240  feet  to 
bedrock.  The  Ready  Bullion  adjoins  on  the  downstream  side  claim 
No,  1  below  Discovery  on  Myrtle  Creek.  Hence  within  three  claim 
lengths  there  is  a  difference  in  depth  in  the  shafts  of  140  feet,  and  this, 
in  addition  to  the  surface  slope  from  the  Livengood  bench  to  the 
Myrtle  Creek  claim  No.  3  below  Discovery,  would  produce  a  gradient 
of  about  200  feet  in  that  distance,  or  about  265  feet  to  the  mile. 
This  steep  gradient  in  the  lower  part  of  the  old  Livengood  channel  is 
due  mainly  to  the  fact  that  this  locaUty  was  very  close  to  the  head 
of  Livengood  Creek,  as  it  existed  at  that  time.  The  preservation 
of  this  steepened  grade  was  due  apparently  to  such  a  pause  in 
the  sedimentation,  whereby  the  deposition  of  silt  was  temporarily 
discontinued  at  an  elevation  of  about  625  feet.  It  was  during  this 
period  of  stability  of  the  regional  base-level  that  the  valley  of  Liven- 
good Creek  by  headward  erosion  was  extended  northeastward, 
eventually  tapping  the  headwater  drainage  of  the  South  Fork  of  Hess 
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River.  It  was  also  during  thia  pause  that  tho  auriferous  bench 
gravels  of  the  Livei^ood  Valley  were  deposited. 

Additional  evidence  of  this  period  of  stability  during  the  silt  allu- 
viation  is  shown  on  Olive  Creek,  a  tributary  of  Tolovana  River  head- 
ing against  Ruth  Creek.  On  Discovery  claim,  about  a  mile  from  the 
head  of  the  creek,  the  bedrock  is  covered  by  10  feet  of  gravel;  yet  two 
claim  lengths  downstream  the  depth  to  bedrock  is  94  feet,  and  the 
auriferous  gravels,  14  feet  thick,  continue  out  into  the  vailey  of 
Tolovana  on  a  normal  grade,  being  separated  from  the  underlying 
silt  by  a  seam  of  day.  This  locality  likewise  has  an  elevation  of  ap- 
proximately 600  feet  and  evidently  affords  another  example  of  a 
steep  headwater  grade  preserved  by  tho  silt  alluriation. 

A  feature  of  the  same  sort  is  reported  at  a  similar  elevation  on 
Ester  Creek,  about  a  mile  to  the  east. 

Features  almost  identical  with  this  have  been  found  at  numerous 
other  localities  in  interior  Alaska,  where  silt  sedimentation  has  been 
prominent.  Thus  on  Long  Creek,  in  the  Ruby  district,  near  the  mouth 
of  Snow  Gulch,  an  abrupt  steepening  of  the  bedrock  grade  has  been 
observed  by  Harrington,'  Eakin  *  reports  a  similar  steepening  on 
lower  Midnight  Creek,  also  in  the  Ruby  district.  In  this  locality,  as 
on  Olive  Creek,  the  richest  auriferous  gravels  lie  some  distance  above 
bedrock.  Likewise  in  the  Hot  Springs  district,  according  to  Bakiu,' 
on  American  Creek  bedrock  lies  at  a  depth  of  IS  feet  for  a  distance  of 
a  mile  and  then  within  half  a  mile  drops  to  a  depth  of  165  feet.  Still 
other  examples  of  this  ph3raiographic  anomaly  could  be  mentioned, 
such  as  the  abrupt  increase  in  the  depth  of  the  gravels  reported  to 
occur  on  Chatanika  River  and  Cleary  Creek,  in  the  Fairbanks  district. 
It  seems  very  significant  that  all  these  features  are  at  or  near  the  600- 
foot  elevation. 

After  this  period  of  stability  progressive  elevation  of  the  base-level 
was  again  renewed  and  resulted  in  the  further  burying  of  the  old 
erosion  channels  up  to  an  devation  of  1,200  feet  or  higher.  It  is 
likely  that  another  period  of  stability  of  the  regional  base-level  may 
have  succeeded  the  termination  of  the  silt  sedimentation,  but  its 
effects  are  not  so  evident.  The  high  rock-cut  benches  on  the  spur 
west  of  Ruth  Creek,  previously  described,  may  be  correlated  with 
such  a  second  period  of  stability.  Further  evidence  on  tiiis  point 
is  lacking,  perhaps  owing  to  any  one  or  all  of  three  reasons — first, 
because  the  base-leveling  may  not  have  developed  to  any  marked 
degree,  on  account  of  the  reduction  of  erosion  to  a  minimum  through 
the  extreme  elevation  of  the  base-level;  second,  because  such  high- 

■Hirtls,  J.  B.,  jr.,  and  HanlogtiHi,  Q.  h..  Tin  Rabr-KuskoJrirlia  nglan,  Alaska;  U.  8.  OwL  Bantj 
BulL  —  ftn  prapaiatlon). 
■  Eakin,  H.  U.,  Tha  Idltarod-Ruby  nglon,  Aluka:  U.  B.  OeoL  Surve;  Bull,  in,  pp.  41-42,  U14. 
'£akln,  B.  K.,oialHiinmualcstian,  HIT. 
103210°— 18— Bull.  662 17 
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lerel  features  have  been  exposed  to  erosive  agencies  for  a  longer 
period  of  time  than  the  lower  ones,  subsequent  to  the  removal  of  the 
silt;  and  tlurd,  because  mining  and  prospecting  have  not  been  carried 
on  in  thh  district  at  the  1,200-foot  elevation,  and  hence  old  stream 
gradients,  if  still  preserved,  remain  concealed. 

The  ultimate  cause  of  the  changes  in  base-level  that  brought  about 
(he  sUt  alluviation  is  not  yet  definitely  known ;  nor  are  the  physical 
and  climatic  conditions  under  which  the  silt  was  deposited  entirely 
free  from  question.  Ealdn  '  has  explained  the  silt  as  a  fresh-water 
lacustrine  deposit,  laid  down  in  one  of  a  aeries  of  great  interior  lakes, 
which  were  caused  by  glacial  danoming  of  the  trunk  drainage  channels 
of  interior  Alaska  during  the  glacial  epoch.  Brooks,  in  his  preface  to 
Eakin's  report,  suggesta  the  possibility  of  crustal  warping  as  a 
causal  agency.  Harrington  *  shows  the  probable  existence  of  mariDe 
terraces  in  the  lower  Yukon,  at  an  elevation  of  600  feet.  If  the 
existence  of  these  marine  terraces  is  eventually  proved,  there  will  be 
good  reason  for  correlating  them  with  the  period  of  stability  of  base- 
level  at  the  600-foot  elevation  in  the  valley  of  Livengood  Creek. 
Under  this  interpretation  the  silts  of  the  T&nana  and  Yukon  valleys 
would  have  to  be  regarded  as  estuarijie  deposits.  It  seems  best  at 
present  to  allow  this  question  to  remain  open ;  but  the  assumption 
that  these  silts  Were  deposited  in  quiet  water  seems  to  the  writer  to 
he  almost  a  necessary  beginning  to  any  interpretation. 

The  origin  of  the  lugh-level  lakes  in  the  silt  is  not  entirely  under- 
stood. They  may  occupy  in  part  original  depressions  in  the  alluvial 
silt  plain,  but,  on  the  other  hand,  subaerial  erosion  may  have  been  a 
potent  factor  in  the  modeling  of  such  depressions. 

It  is  almost  necessary  to  assume  that  sediments  as  fine  as  these, 
if  they  were  exposed  to  the  action  of  the  winds  subsequent  to  their 
deposition,  were  redistributed  to  a  marked  degree.  It  should  be 
possible  by  microscopic  examination  to  determine  the  size  and  char- 
acter of  the  grains  and  the  degree  of  sorting,  and  in  this  way  to  leam 
something  of  t^e  climatic  conditions  subsequent  to  their  deposition 
and  of  the  amount  of  subaerial  redistribution  which  they  have 
suffered.  It  is  hoped  that  subsequent  detailed  studies  of  t^  kind 
may  yield  valuable  information  as  to  the  genesis  of  these  deposits. 

After  the  deposition  of  the  silt  the  base-level  of  the  region  was 
again  lowered,  and  active  erosion  immediately  began.  One  of  the 
most  striking  effects  of  the  new  cycle  of  erosion,  actmg  on  the  silt 
deposits,  was  the  frequent  occurrence  of  stream  superi>03ition. 
Thus  Livengood  Creek  began  to  cut  a  channel  in  the  silt  along  the 
south  side  of  its  valley  and,  after  eroding  through  the  silt,  was  super- 
posed upon  hard  bedrock,  in  which  it  was  obliged  to  cut  a  new 
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channel.  Stream  piracy  likewise  became  common,  many  streams 
cutting  back  across  silt-covered  divides  and  claiming  drainage  systems 
other  than  their  own.  In  this  maimer  the  South  Fork  of  Hess  River, 
cutting  back  through  an  antecedent  divide  in  its  valley  about  east- 
northeast  of  lavengood  Dome,  regained  a  part  of  its  upper  drainage 
which  had  previously  been  stolen  by  Livengood  Creek.  Such  re- 
adjustments have  produced  most  of  the  present  drainage  anomalies. 

The  immediate  result  of  the  rejuvenation  of  the  streams  was  the 
removal  of  a  lai^e  part  of  the  silt  deposits,  particularly  in  the  head- 
water tributaries.  It  is  not  known  exactly  to  what  extent  the  removal 
of  the  silts  was  earned,  but  it  is  certain  that  they  were  not  completely 
removed  in  the  lower  parts  of  the  master  streams,  because  the  i^ional 
base-level  has  never  been  lowered  to  the  position  it  held  prior  to  the 
deposition  of  the  silts.  It  was  lowered  to  a  certain  intermediate 
position  and  remained  approximately  there,  and  the  streams  have 
readjusted  themselves  to  a  normal  stream  gradient.  In  so  doing 
the  recent  stream  gravels  were  laid  down  upon  stream  bottoms  ol 
silt.  These  constitute  what  Eakin  '  has  designated  "inlaid  gravels." 
This  base-level,  which  still  continues,  must  have  been  in  existence  a 
very  long  time,  for  the  present  streams  have  lowered  their  grades 
until  they  have  become  generally  sluggish,  except  in  the  extreme 
headwaters.  Not  only  was  a  body  of  stream  gravel  deposited  pro- 
gressively upstream,  but  the  present  condition  of  the  streams  indi- 
cates that  the  deposition  of  this  gravel  was  followed  by  extensive 
silt  a^radation  in  their  lower  courses,  the  silt  being  derived  from 
the  older  sxlte.  The  natural  silt  levees  along  the  lower  course  of  the 
Tolovana,  the  swamps  and  lakes  extending  toward  the  hills  from  the 
levees,  the  meandering  course  of  the  river,  and  the  network  of  logs 
in  the  river  bottom  prove  that  the  silt  beds  in  which  it  is  now  flowing 
were  deposited  by  river  action  and  indicate  extensive  silt  aggradation 
in  the  lower  river  courses,  superimposed  on  the  river  gravels. 

Tolovana  River  below  Trappers  Cabin,  where  the  river  leaves  the 
gravel  bars,  has  a  well-developed  system  of  intrenched  meanders  in 
the  fluviatile  silts.  These  menders  extend  downstream  to  a  point 
about  30  miles  below  the  log  jam,  where  the  high  silt  banks  become 
lower  and  the  current  very  much  less.  This  is  an  anomalous  feature, 
diiBcult  to  explain.  It  is  possible  that  the  present  and  earUer  log 
jams  in  the  channel  have  had  sufficient  effect  to  produce  this  result. 
Of  special  significance,  as  bearing  on  this  interpretation,  are  the 
interiacing  water-logged  trees  that  cover  the  bottom  of  the  river  below 
the  log  jam. 

The  fluviatUe  silt  deposits  in  the  headwater  streams  are  due  to 
headwater  aggradation.  The  present  streams  have  reduced  their 
grades  to  a  point  where  they  can  no  longer  transport  gravels,  even  in 

■Eatdn,  H-  U.,  Tb«  Yukon-EoTukuk  region,  Alaalni:  V.  B.  Qvol.  Surrey  Sull.  «31,  p.  SI,  IBlt. 
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their  headwaters ;  and  the  headwater  silt  deposits  represent  detrital 
material  which  has  accumulated  at  the  bases  of  the  steep  headwater 
grades, 

MINERAL   BESOTmCES. 
OENESAI.  FEATtniES. 

At  Uvengood,  as  in  every  new  mining  camp,  attention  has  first 
been  directed  to  the  mineral  deposits  most  easily  and  cheaply  won — 
in  this  camp  the  gold  placers.  Only  the  older  and  richer  auriferous 
bench  gravels  have  so  far  been  mined.  The  present  stream  gravels 
may  later  prove  worthy  of  attention. 

In  1916  twenty-one  plants  were  engaged  in  mining  the  bench 
graveb  of  Livengood  (>eek  and  one  in  mining  the  creek  gravels. 
These  operations  were  carried  on  by  undei^ound  mining.  On  Ger- 
trude, Ruth,  Lilhan,  and  Olive  creeks  five  small  plants  were  engaged 
in  open-cut  mining,  and  four  other  plants  were  planning  to  begin 
operation  late  in  the  season  or  early  in  1917.  In  all  27  plants  were 
operated,  compared  with  10  operated  in  1915.  The  value  of  the  gold 
produced  in  1916  is  estimated  at  $700,000,  compared  with  a  pro- 
duction of  $80,000  in  1915. 

Development  work  has  been  attempted  on  one  gold  lode  prospect, 
but  little  has  yet  been  accomplished.  A  number  of  minerak  other 
than  gold  have  been  found  in  the  concentrates,  showing  at  least  tho 
presence  of  such  minerals  in  the  neighboring  hills.  It  may  be  that 
bodies  of  these  minerals  worthy  of  exploitation  will  ultimately  bo 
located  and  mined. 

ECOHOiaO  CONDITIONS. 

MEANS   OP   COMMUNICATION. 

Livengood,  the  principal  settlement  in  the  Tolovana  district,  is 
reached  by  two  general  routes — overland  by  trail  from  Olnes,  on  the 
Tanana  Valley  Railroad,  or  by  water  by  way  of  Tolovana  River. 
The  trail  from  Olnes  is  used  both  in  summer  and  in  winter,  and  the 
winter  mail  reaches  Livengood  by  this  route.  In  flummer  only  tho 
first-clats  mail  comes  overland,  most  of  the  second-class  matter 
coming  up  the  Tolovana.  As  a  route  for  the  transportation  of  sup- 
phes,  however,  the  trail  is  little  used  in  summer,  owing  to  its  poor 
condition;  and  even  aa  a  winter  trail  it  is  open  to  serious  objections 
because  it  crosses  several  drainage  systems  and  the  intervening  biUa, 
including  Wickersham  Dome,  and  is  therefore  very  hilly  and  exposed 
for  considerable  distances  to  the  wind  and  drifting  snow. 

The  river  route  is  the  more  practicable  for  freighting.  At  ordinary 
st^es  of  water  supplies  may  be  taken  by  gasoline  scows  and  small 
steamboats  up  the  Tolovana  as  far  as  the  log  jam.    A  tram  has  been 
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built  around  the  jam,  and  supplies  are  therefore  unloaded,  trammed 
around,  and  reloaded  into  small  barges  and  launches,  which  relay  the 
freight  upstream  to  Trappers  Cabin  or  to  West  Fork,  according  to  the 
amoimt  of  water  in  the  riyer.  In  stages  of  low  water  it  is  often  nec- 
essary to  transport  supplies  from  Trappers  Cabin  to  West  Fork  by 
means  of  poling  boats.  In  the  past  supplies  have  been  freighted  by 
teams  from  West  Fork  to  Liyengood,  but  during  the  summer  of  1916 
a  tramway  was  in  process  of  construction  between  these  two  points- 
When  completed,  this  should  materially  cheapen  the  transportation. 
One  of  the  great  difficulties  of  the  river  route  is  the  low  water  which 
often  prevails  in  the  Tolovana  for  considerable  periods.  For  30 
miles  below  the  log  jam  the  river  is  difficult  to  navigate  in  low  water, 
being  tortuous  and  lined  along  its  bottom  with  water-logged  timber 
and  snags.  Above  the  log  jam  low  water  causes  even  greater  diffi- 
culties. Largely  for  this  reason  a  winter  trail,  known  as  the  Happy 
trail,  was  built  during  the  winter  of  1915-16  up  the  east  side  of  the 
Tolovana  Flats  to  West  Fork,  connecting  at  its  lower  end  with  the 
Fairbanks-Hot  Springs  trail.  This  is  an  excellent  trail  and  should 
become  a  valuable  means  of  access  to  the  Tolovana  district.  It  is 
expected  that  the  Happy  trail  will  be  much  used  to  bring  from  the  log 
jam  to  West  Pork  in  winter  supplies  that  were  landed  at  the  It^  jam  by 
boat  in  summer,  and  some  supplies  may  be  freighted  all  the  way  from 
Fairbanks  by  this  route. 


The  cost  of  freighting  supplies  from  Fairbanks  to  West  Fork  by 
way  of  Tolovana  River  is  SJ  cents  a  pound,  and  by  team  from  West 
Fork  to  the  mines  on  Livengood  Creek  about  3J  cents  more.  The 
tramway  between  West  Fork  and  Livengood  should  reduce  the  latter 
rate.  The  cost  of  winter  freighting  from  Fairbanks  to  Livet^ood, 
by  the  trail  from  Olnes,  is  5  cents  a  pound.  The  simmier  rate  oyer 
the  same  trail  is  15  cents  a  pound.  Supplies  were  scarce  and  costly 
in  Livengood  during  the  early  part  of  the  smnmer  of  1916,  but  this 
conditicoi  should  not  exist  again. 


Good-sized  timber  for  mining  purposes  and  general  construction  is 
available  in  the  valley  bottoms,  and  a  sawmill  at  West  Fork  ia 
already  at  work  utilizing  it.  Trees  of  a  diameter  of  2  feet  at  the  base 
may  be  had  in  the  bottom  land  of  the  Tolovana  Valley,  and  even 
lai^er  ones  at  some  localities.  There  is  plenty  of  timber  between 
1  and  2  feet  in  diameter.  In  the  upper  valley  of  Livengood  Creek, 
near  the  mines,  the  trees  are  smaller,  being  for  the  most  part  less  than 
a  foot  in  diameter  and  becoming  smaller  still  up  the  sides  of  the  valley. 
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The  timber  at  the  mines  is  needed  most  for  fuel,  itnd  for  this  purpose 
as  well  as  for  timbering  in  the  mines  the  supply  is  quite  adequate. 

The  dKtrict  is  naturally  well  supphed  with  timber,  but  gross  care- 
lessness on  the  part  of  woodchoppere  near  LiTengood  resulted  during 
the  summer  of  1916  in  extensive  foreet  fires,  which  destroyed  targe 
amounts  of  standing  and  cut  timber,  badly  damaged  several  mitiing 
plants,  and  seriously  threatened  many  others. 

Prior  to  the  fires,  wood  for  fuel  cut  in  16-foot  poles  and  delivered 
to  the  mines  cost  $7  a  cord.  On  adding  the  cost  of  sawing  and  con- 
sidering the  resulting  shrinkage  of  the  cord,  it  is  figured  that  wood  in 
4-foot  lengths  costs  about  $10  to  $12  a  cord.  The  forest  fires  will 
ultimately  increase  the  cost  of  fuel  materially. 


Water  for  sluicing  on  Livengood  Creek  is  obtained  from  ditches 
that  tap  the  creek  and  its  northern  tributaries.  During  periods  of 
dry  weather,  however,  this  source  of  supply  is  inadequate,  and  steps 
have  been  taken  toward  procuring  a  part  of  the  water  from  the 
South  Fork  of  Hess  River.  A  low  divide  of  unconsohdated  material 
separates  the  head  of  Livengood  Creek  from  the  South  Fork  of 
Hess  River,  and  if  a  deep  channel  can  be  ground-sluiced  through  this 
divide,  a  lai^e  amount  of  water  from  the  South  Fork  will  be  available. 
The  possibility  of  sluicing  out  such  a  channel  depends  on  the  character 
of  the  material  in  the  divide.  If  the  divide  is  largely  muck  and  fine 
sediment,  the  plan  will  be  practicable;  if  much  heavy  slide  rock  iB 
encountered,  it  will  be  very  costly.  During  the  summer  of  1916  a 
ditch  was  dug,  leading  water  from  Heas  River  onto  this  divide, 
and  the  process  of  ground-sluicing  was  begun. 

Two  or  three  mining  properties  on  Livengood  Creek  just  above 
Myrtle  Creek  are  now  obtaining  water  from  the  valley  of  Myrtle 
Creek. 

GAME  AND  FISH. 

The  herds  of  caribou  that  are  so  plentiful  in  the  interior  part  of 
the  Yukon-Tanana  region  do  not  approach  very  closely  to  ^e  low 
country  near  Livengood,  but  some  caribou  are  killed  for  food.  Tba 
moose  have  been  plentiful,  but  many  have  been  killed,  and  it  is 
likely  that  the  future  will  soon  show  a  marked  decrease  in  the  supply. 
Fish,  chiefiy  grayling,  are  plentiful  in  Tolovana  River  near  West 
Fork  and  form  an  important  source  of  food. 


Men  are  paid  $5  a  day  besides  their  board,  which  during  the  sum- 
mer of  1916  amounted  to  about  $3  a  day.  Thus  the  cost  of  labor  to 
the  operator  may  be  figured  at  about  $8  a  day. 
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aOIJ>   FZiACBBS. 
PRINCIPAL   FEATURES. 

The  Tolorana  placers  are  not  bo  widely  distributed  as  those  in  the 
Fairbanks  and  Eubj  districts,  where  gold  in  greater  or  less  amount 
is  found  in  the  valley  bottoms  of  many  creeks  over  a  considerable 
area.  On  the  contrary,  mining  and  prospecting  to  date  in  the  Tolo- 
Tana  district  tend  to  show  a  decided  localization  of  the  rich  ground. 
Tlius,  gold  placers  of  commercial  va'ue  have  been  found  only  on 
livengood  Creek  and  in  the  streams  draining  the  ridge  between 
Iiv«igood  Creek  and  Tolovana  Kiver.  So  far  no  gold  placers 
worthy  of  exploitation  have  been  found  in  any  of  the  tributaries  of 
Livengood  Creek  on  the  north  aide,  nor  on  Myrtle,  Ready  BuUion, 
or  Rosebud  creeks,  though  considerable  prospecting  has  been  done 
on  these  streams.  Prospecting  has  shown  the  presence  of  gold  in 
the  South  Fork  of  Hess  River  and  in  some  of  its  tributaries,  but  so 
far  no  continuous  pay  streak,  such  as  that  on  Livengood  Creek, 
has  been  imcovered. 

The  placers  are  of  two  types,  which  are  quite  distinct  on  livengood 
Creek  but  grade  into  each  other  on  the  smaller  streams.  It  is  appar- 
ent also  on  the  South  Fork  of  Hess  River  that  both  bench  and  stream 
gravels  are  present,  but  the  courses  of  the  old  and  new  channels 
appear  to  cross  and  recross  one  another,  with  the  result  that  the 
two  are  apparent  as  separate  units  only  at  certain  localities. 

Both  bench  and  stream  placers  are  being  worked  at  the  present 
time,  but  the  bench  placers  have  proved  the  richer  and  will  doubtless 
continue  to  furnish  most  of  the  gold  produced. 

LTVENQOOD   CREEK. 
OZOSRAFHT. 

Livengood  Creek  beads  against  the  South  Fork  of  Hess  River, 
flows  in  a  general  direction  of  S.  70**  W.  for  about  6  miles,  turns 
abruptly  at  the  mouth  of  Myrtle  Creek,  and  flows  S.  20"  W,  for  about 
4  miles  to  Tolovana  River.  In  its  upper  6  miles  the  present  vaUey 
floor  is  narrow  and  the  creek  is  small.  Below  the  mouth  of  Myrtle 
Creek  the  valley  floor  becomes  a  mile  wide,  and  it  broadens  con- 
tinuously toward  the  Tolovana.  The  valley  of  Myrtle  Creek  at  its 
mouth  is  wider  tlmn  that  of  Livengood  Creek,  and  it  seems  evident 
that  Myrtle  Creek  and  the  lower  Livengood  constituted  originally  the 
master  stream  of  this  drainage  system,  the  upper  port  of  Livengood 
Creek  being  only  a  tributary. 

The  gold  placers  so  far  found  occur  in  the  upper  stretch  of  6  miles, 
in  which  several  tributaries  enter  the  creek  on  both  sides.  Those 
on  the  south  side,  all  of  which  contain  auriferous  gravels,  are  Good- 
luck  Creek,  Amy  Creek,  Lucille  Gulch,  Gertrude  Creek,  Alder  Gulch, 
and  Ruth  Creek,  named  in  order  going  downstream.    Lillian  Creek, 
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another  small  tributary  coutainiug  auriferous  gravels,  enters  Liven- 
good  Creek  in  ite  lower  4-mile  stretch,  at  the  west  end  of  the  ridge 
between  Livengood  Creek  and  Tolovona  River.  The  town  of  Liven- 
good,  is  in  the  lower  part  of  the  upper  Livengood  Valley,  at  the 
mouth  of  Ruth  Creek. 

The  valley  of  Livengood  Creek  is  asymmetric  in  cross  section,  the 
creek  flowing  along  the  south  aide.  The  ridge  on  the  north  side 
descends  in  long,  gently  sloping  spurs  to  the  present  valley  floor, 
whereas  on  the  south  sids  similar  spurs  of  gentle  slope  but  not  so 
long  terminate  abruptly  in  rather  steep  bluffs  along  the  creek.  The 
view  of  Livengood  and  the  valley  of  liveogood  Creek  (PI.  XTV) 
illustrates  clearly  this  osymraetry, 

FHTBIOOXAPBIO  HISTOXT. 

The  physic^raphic  history  of  a  placer-mining  district  has  an  iitt- 
portant  bearing  on  the  economic  geology  of  its  gold  placers.  This 
is  particularly  true  of  the  area  drained  by  Livengood  Creek  and  the 
adjoining  drainf^e  systems.  It  is  believed  that  an  understanding 
of  the  principal  events  in  the  development  of  the  present  drainage 
may  help  materially  in  mining  operations  and  prospecting. 

The  physiographic  history  of  Livengood  Creek  and  the  neighboring 
drainage  channels  is  complicated.  The  essential  features  of  the 
r^onal  physiography  are  understood  in  a  general  way,  but  only 
where  mining  operations  have  exposed  the  character  and  depth  of 
the  unconsolidated  deposits  is  it  possible  to  discern  the  details  of 
drainage  changes  and  associated  phenomena. 

At  the  earhest  time  recorded  by  the  avaUable  physiographic  data 
Livengood  Creek  was  a  much  shorter  creek  Hi&a  at  present.  The 
bedrock  grade  of  the  lower  part  of  the  auriferous  bench  channel  is 
about  265  feet  to  the  mile.  With  this  grade  the  original  stream 
above  the  mouth  of  Livengood  Creek  must  have  been  very  short, 
the  divide  being  below  the  mouth  of  the  present  Amy  Creek.  As 
bearing  on  this  point,  the  backhand  drainage  of  Wonder,  Heine, 
Qoodluck,  and  Amy  creeks,  particularly  in  their  headwaters,  is  of 
much  signiflcance.  It  seems  entirely  within  reason  to  believe  that 
these  four  streams,  during  this  stage  of  their  history,  drained  north- 
eastward into  the  South  Fork  of  Hess  River. 

Then  followed  the  stage  of  silt  alluviation,  brought  about  by  an 
elevation  of  the  regional  base-level.  When  the  silt  deposits  had 
accumulated  to  a  depth  of  approximately  600  feet  in  the  Livengood 
basin,  there  was  a  long  period  of  atabtUty,  during  which  the  base-levd 
remained  unchanged.  This  silt  alluvium  preserved  the  old  grade  of 
Livengood  Creek  up  to  that  elevation  and  provided  for  upper  Liven- 
good Creek  a  new  temporary  base-level.  Under  this  condition  of 
equilibrium  Livengood  Creek  out  back  through  the  rock  divide  below 
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Amy  Creek  and  gradually  captured  the  drainage  of  the  South  Fork 
of  Hess  River.  There  are  two  means  of  determining  juat  how  much 
of  the  Heas  River  drainage  was  captm-ed.  First,  a  drill  hole  in  the 
present  silt-filled  divide  at  the  head  of  Livengood  Creek  sho^  a 
depth  of  205  feet  to  bedrock.  As  the  elevation  of  the  divide  is  a 
little  over  1,200  feet,  this  means  that  the  old  channel  through  tliis 
divide  has  an  approximate  elevation  of  1,000  feet.  Theoretically, 
therefore,  it  was  not  possible  to  capture  any  of  the  Hess  River  drain- 
age below  that  level,  and  practically,  on  account  of  the  headward 
steepening  of  every  stream  gradient,  it  was  not  possible  to  capture  all 
of  it  above  that  level.  The  second  piece  of  evidence  is  found  in  the 
valley  of  the  South  Fork  of  Hess  River  east-northeast  of  Livengood 
Dome,  at  an  elevation  of  about  1,100  feet,  where  the  creek  flows 
through  a  narrow  goi^e.  At  this  point,  on  claim  No.  4  below  Dis- 
covery, a  series  of  shafts  across  the  valley  bottom  reveal  the  fact 
that  in  the  deepest  place  bedrock  is  but  15  feet  deep.  The  overlying 
deposits  are  entirely  gravel.  This,  evidently,  is  the  head  of  the  old 
Livengood  drainage  system.  From  this  point  on  the  South  Fork 
upstream  to  the  mouth  of  Alabam  Creek  the  bedrock  becomes  lower 
and  the  unconsolidated  deposits  become  thicker.  Just  above  Ala- 
bam Creek,  on  the  second-tier  bench  claim  opposite  claim  No.  4 
below  Discovery  on  Goldstream  Creek,  the  depth  to  bedrock  is  150  feet. 

Therefore,  subsequent  to  the  silt  alluviation  in  the  lower  Liven- 
good Valley,  up  to  the  600-foot  level,  during  the  ensuing  period  of 
regional  stabihty  of  base-level,  Livengood  Creek  eventually  captured 
all  the  upper  drainage  of  the  South  Fork  of  Hess  River  and  its  lower 
drainage  down  to  the  present  gorge.  It  was  during  this  period  that 
the  present  bench  channel  in  upper  Livei^od  Creek  was  excavated 
and  auriferous  gravels  deposited  therein. 

Subsequently  the  regional  base-level  was  again  progressively  ele- 
vated, and  eventually  silts  were  deposited  up  to  an  elevation  of 
1,200  feet  or  higher,  deeply  burying  the  old  Livengood  gravels.  It 
was  probably  at  the  end  of  this  process  of  alluviation  that  the  rock- 
cut  benches  West  of  Ruth  Creek  were  evolved. 

After  the  period  of  silt  deposition  active  erosion  was  again  begun 
by  a  lowering  of  the  base-level.  Both  Livengood  Creek  and  the  South 
Fork  of  Hess  River  b^an  to  cut  cliaimels  in  the  soft  silt,  and  the 
present  silt-filled  divide  was  finally  established  as  the  watershed  be- 
tween the  two  drain^e  systems.  Livengood  Creek,  however,  instead 
of  reexcavating  in  its  old  channel  was  superposed  on  the  south  wall 
of  its  old  valley  and  after  quickly  cutting  through  the  silts  was 
obliged  to  cut  a  new  cbaimel  through  the  solid  rock.  This  superpo- 
sition explains  Oie  rapid  steepening  of  the  bedrock  grade  in  Liven- 
good Creek  below  the  town  of  Livengood.  Opposite  the  wireless  sta- 
tion the  depth  to  bedrock  is  20  feet,  whereas  two  claim  lengths  down- 
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stream  it  is  180  feet.  The  present  course  of  Livengood  Creek  evi- 
dently carries  it  abruptly  off  the  end  of  an  old  spur  extending  from 
the  south  wall  of  the  valley.  Lower  Livengood  Creek  eroded  in  the 
silts  moie  rapidly  than  upper  Livengood  Creek,  and  the  result  for  a 
considerable  period  was  the  development  of  rapids  just  below  the 
present  town  of  Livengood. 

The  South  Fork  of  Hees  River,  during  the  general  stream  rejuvena- 
tion subsequent  to  the  deposition  of  the  silt,  established  a  system 
which  reclaimed  a  large  pajt  of  the  drainage  area  it  had  previously 
tost,  bub  it  has  not  succeeded  in  recovering  Wonder,  Heine,  Good- 
luck,  and  Amy  creeks.  After  the  removal  of  only  100  or  160  feet  of 
the  silts,  the  South  Fork  w&s  superposed  on  bedrock  at  the  present 
gorge,  and  this  high  bedrock  barrier  has  prevented  much  subsequent 
erosion  in  its  upper  basin.  A  fact  in  strict  accord  with  the  above 
interpretation  is  that  of  the  two  rock  divides,  one  just  below  ihe 
present  Amy  Creek  in  Livengood  Valley  and  the  other  at  the  1,100- 
foot  elevation  in  Hess  River;  the  latter  and  more  recent  one  ia  the 
better  preserved.  The  old  divide  in  Livengood  Valley  has  been 
entirely  obliterated,  its  previous  existence  being  entirely  inferential. 
It  is  probably  owing  in  large  part  to  the  superposition  of  both  Liven- 
good Creek  and  the  South  Fork  of  Hess  River  on  hard  rock  that  the 
silt-filled  divide  between  the  two  drainage  systems  is  so  perfectly 
preserved. 

The  present  stream  gravels  of  Livengood  Creek  wore  laid  down 
during  the  period  of  stream  rejuvenation  above  described.  They 
were  formed  as  a  gravel  sheet  extending  progressively  upstream. 
The  covering  of  muck  on  these  gravels  is  the  reworked  silt,  eroded 
from  the  neighboring  spurs  at  a  rather  late  stage  in  the  erosional 
history,  when  the  headwater  tributaries  had  so  reduced  their  grades 
that  tiiey  were  no  longer  able  to  transport  gravels. 

BENCH  PI.ACZB8. 

Pay  streak. — The  auriferous  bench  gravels  on  upper  Livengood 
Creek  lie  in  an  old  stream  channel,  which  has  been  traced  from  a  point 
below  the  mouth  of  Wonder  Creek  downstream  to  a  point  below  the 
town  of  Livengood,  a  distance  of  4  milee.  This  channel  is  separated 
from  the  present  channel  of  Livengood  Creek  by  a  bedrock  reef, 
which  crops  out  at  the  (own  of  Livengood  and  is  traceable  under- 
ground upstream  almost  to  the  mouth  of  Amy  Creek.  Upstream 
from  this  point  the  bedrock  barrier  between  the  two  channds  prob- 
ably connects  with  the  undei^^ound  continuation  of  the  spur  between 
Amy  Creek  and  Lucille  Gulch.  At  the  lower  end  of  upper  Livengood 
Creek  there  is  another  reef,  the  southwestward  and  underground  con- 
tinuation of  the  ridge  between  Livengood  and  Myrtle  creeks.  The 
old  channel  passes  between  these  two  reefs,  apparently  hugging  dose  to 
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the  north  wall  of  its  old  valley,  as  shown  by  drill  holes  and  prospect 
shafts  OQ  and  near  the  Keady  Bullion  bench  claim.  The  gravels  in  this 
oM  channel  will  be  found  to  connect  with  deeply  buried  gravels  in 
Myrtle  Creek,  but  as  they  spread  out  into  what  was  formerly  the  larger 
valley  of  the  two,  it  is  uncertain  how  well  defined  a  pay  streak  will  be 
found.  It  is  not  unlikely  that  the  gold  is  too  widely  scattered  in  these 
gravels  to  he  recovered  profitably  at  the  present  time. 

The  width  of  this  body  of  old  gravds  is  not  yet  known.  The 
width  of  the  pay  streak  or  productive  placers,  however,  may  be 
fairly  judged  by  the  lateral  extent -uf  the  undei^round  workings. 
The  average  width  of  the  auriferous  channel,  as  obtained  from  15 
observations  undei^round,  is  127  feet;  the  maximum  is  300  and  the 
minimum  60  feet. 

There  is  a  general  alignment  of  the  mining  plants  up  and  down  the 
b^ich  claims,  but  certain  plants  are  offset  to  the  south  and  thus 
indicate  the  presence  of  tributary  auriferous  channels  entering  the 
mtun  channel  from  that  side  of  the  valley.  Amot^  these  are  the 
auriferous  channel  on  the  first-tier  bench  opposite  Discovery  claim 
and  on  the  adjoining  Nelson  bench;  that  on  the  Eagle,  a  first-tier 
bench  opposite  claim  No.  3  above  Discovery;  and  possibly  also  that 
on  the  Eldorado  bench,  about  1)  miles  above  Livengood. 

Placers. — ^The  average  depth  to  bedrock  in  the  auriferous  channel, 
obtained  from  20  observations,  is  80  feet,  and  the  overburden  shows 
little  or  no  tendency  to  thicken  downstream.  The  average  thickness 
of  the  gravels,  obtained  from  the  same  observations,  is  14  feet,  and 
there  b  a  marked  thickening  of  the  gravel  sheet  on  the  last  four  or 
five  claims  at  the  lower  end  of  the  channel.  The  overburden  is 
mainly  muck  or  silt,  commonly  with  some  slide  rock  and  here  and 
there  containing  thin  seams  of  fine  gravel  and  sand  ("chicken  feed"). 
The  gravels  commonly  range  from  half  an  inch  to  a  foot  in  diameter. 
The  bedrock  b  at  most  places  a  deeply  weathered,  locally  much 
brecciatad  dark-^ay  to  Mack  flint  or  chert.  It  is  in  some  places 
stron^y  mineralized  with  pyrites.  The  bedrock  at  a  few  locahties 
is  greenstone  and  at  a  few  others  silicified  limestone.  Only  on  the 
Marietta  clum,  where  the  bedrock  is  a  carbonaceous  shale  or  argillite 
was  any  argillaceous  bedrock  observed. 

At  most  localities  all  the  gravel  carries  more  or  less  gold,  but  only 
the  lower  part  carries  enough  gold  to  warrant  its  removal  tmder 
present  conditions.  The  upper  part  of  the  decayed  bedrock  hkawise 
contains  gold.  Observations  from  15  working  shafts  show  that  about 
3  feet  of  gravel  is  being  regarded  as  workable,  on  the  average,  and 
about  1  i  feet  of  decayed  bedrock.  It  is  in  places  necessary,  however, 
to  remove  more  than  5  feet  of  material  in  order  to  give  working 
room.  The  highest  gold  content  is  in  the  lowest  part  of  the  gravel 
and  on  the  surface  of  the  bedrock.  Where  the  bedrock  is  limestone 
the  gold  penetrates  but  a  few  inches  into  the  rock. 
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Information  givon  by  the  mimng  operators  leads  to  the  belief  that 
the  ayerage  tenor  of  the  productive  ground  is  at  leaat  $1  a  square 
foot  of  bedrock.  Above  Amy  Creek,  however,  the  gold  content  of 
the  gravels  is  lower.  On  the  assumption  that  an  average  tliickness 
of  5  feet  of  gravel  and  decayed  bedrock  is  removed,  the  returns 
would  be  t5.40  to  the  cubic  yard  of  material  mined  and  sluiced.  If 
dredging  or  hydrauhcking  methods  are  ever  iised  the  entire  over- 
burden must  also  be  included  in  the  yardage.  On  the  assumption 
that  1^  feet  of  bedrock  and  80  feet  of  overlying  gravel  and  over- 
burden are  removed  the  average-tenor  would  be  33  cents  to  the  cubic 
yard. 

TTi£  9oZc2.— Considerable  differences  exist  in  the  color,  shape,  size, 
and  porosity  of  the  gold  on  Livengood  Creek.  Gold  ranging  from 
light  yellow  to  a  very  dark  iron-stained  color  is  present;  well-rounded 
and  angular  gold  is  found  at  places  on  the  same  claim ;  the  gold  on 
some  claims  is  porous  and  on  others  dense;  and  both  fine  and  coarse 
gold  are  often  uncovwed  together.  The  coarse  gold  is  darker,  much 
of  it  being  covered  with  a  dark  iron  stain,  and'  is  localized  in  small 
spots.  Pieces  of  gold  worth  (50  are  the  largest  so  far  found  on  the 
creek.  These  differences  in  character  are  due  largely,  it  is  believed, 
to  the  fact  that  tributary  auriferous  channels  entered  the  main 
Livengood  channel  from  the  south  and  contributed  gold  of  various 
sorts.  In  support  of  this  idea,  it  was  noticed  that  the  gold  above 
Amy  Creek  is  more  tmiform  in  character.  At  the  lower  end  of  the 
Livengood  bench  channel  also  there  is  a  tendency  toward  greater 
uniformity  in  the  gold,  due  presimiabty  to  stream  sorting.  Certain 
differences  in  the  gold  are  also  due  to  the  fact  that  the  underlying 
bedrock  is  mineralized  in  places,  as  indicated  by  pyritization. 

The  following  table  comprises  all  the  information  available  at  the 
present  time  regarding  the  value  of  the  gold  on  Livengood  Creek: 

Valut  of  gold  on  Livengood  Creek. 
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It  will  be  noticed  that  the  Livengood  gold  ia  of  high  grade.  The 
mean  value  of  the  Fairbanks  gold  '  is  given  as  J17.73,  bat  this  figure 
is  derived  in  part  from  values  given  for  "crude  dust"  and  for  the  gold 
after  melting,  both  of  which  are  considerably  higher  than  the  "net 
value."  Yet  the  Livengood  gold  is  worth  19  cents  an  ounce  more 
than  the  admittedly  high  value  given  for  the  Fairbanks  gold.  This 
difference  is  not  due  to  any  particular  freedom  from  the  base  metals 
in  the  Livengood  gold,  which  has  an  average  content  of  9  parts  per 
thousand  of  these,  compared  with  5  to  10  parts  in  the  Fairbanks 
gold.  The  higher  value  ia  due  evidently  to  the  smaller  content  of 
silver  in  the  Livengood  gold,  the  mean  proportion  being  about  76 
parts  per  thousand,  compared  with  82  to  172  parts  per  thousand  in 
the  Fairbanks  gold. 

The  concentrates. — ^A  study  of  the  concentrates,  or  heavy  sands, 
recovered  with  the  gold  may  throw  considerable  light  on  the  ori^n 
of  the  placers  and  is  certain  to  give  advance  information  regarding 
any  other  minerals  of  value  likely  to  be  found  in  the  drainage  basin 
of  the  stream  that  deposited  the  auriferous  gravdb.  With  this  idea 
in  mind,  representative  samples  of  the  heavy  sands  were  collected 
at  eight  locahties  from  the  Livengood  bench  channel,  at  more  or  less 
regular  intervals  from  the  Red  claim,  opposite  claim' No.  15  above 
Discovery,  down  to  the  Nelson  bench,  opposite  Discovery  claim. 
These  samples  show  that  magnetite,  ilmenite,  limonite,  picotite,  and 
hematite  are  universally  present  in  the  heavy  sands.  In  addition, 
barite  was  found  on  the  Sunnyside,  Etna,  Gold  Dollar,  Eldorado, 
and  Nelson  bench  clums,  and  pyrite  on  the  Sunnyside,  Etna,  Sunny, 
Gold  Dollar,  and  Nelson  bench  claims. 

The  iron  minerals  magnetite,  ilmenite,  limonite,  hematite,  and 
pyrite  are  not  imusual,  but  the  presence  of  picotite  (chrome  spinel) 
was  not  expected.  Its  universal  presence  shows  that  considerable 
chromimn  is  associated  with  the  rocks  in  the  basin  of  Livengood 
Creek  as  it  existed  when  the  auriferous  gravels  were  laid  down.  In 
this  connection  it  may  be  mentioned  that  chromite  (iron  chromate) 
has  been  found  on  the  spur  west  of  Ruth  Creek.  It  seems  likely  that 
both  the  picotite  and  the  chromite  are  associated  genetically  with 
Uie  serpentine  in  the  Middle  Devonian  rocks,  which  outcrop  at  Liven- 
good and  may  be  traced  northwest  and  southeast  for  long  distances 
The  presence  of  barite  (barium  sulphate)  is  of  interest.  It  occurs  at 
ntunerous  other  localities  in  interior  Alaska,  among  which  may  be 
mentioned  Little  Minook  Creek,'  in  the  Rampart  district;  Poorman 
Creek,  in  the  Ruby  district;  and  the  North  Fork  of  Hess  River. 
Neither  chrome  nor  barium  ore,  however,  could  be  of  commercial 
value  in  this  district  at  the  present  time. 

1  Pilndle,  L.  H.,  and  Kati,  F.  J.,  Oflokg;  of  the  Falfbanka  district:  U.  B.  Oool.  Surrsy  Bull.  S2S,  pp. 
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MiniTig  operations.— The  hbtory  of  th«  disoovtiry  of  gold  placers  on 
livengood  Creek  by  Jay  Livengood  and  N.  R.  Hudson  dtiring  the 
summer  of  1914  has  been  narrated  by  Brooks.'  These  men,  however, 
staked  for  the  most  part  creek  claiios  on  Livengood,  Gertrude,  Ruth, 
Lillian,  and  OUre  creeks.  The  richest  gold-beaiing  gravels,  on  the 
second  and  third  tier  benches  on  the  right  bank  of  Livengood  Creek, 
were  staked  by  later  prospectors,  and  the  original  discoverers  of  the 
district  did  not  profit  in  fullest  measure  by  their  work. 

Twenty-one  plants,  employing  between  225  and  250  men,  were 
at  work  during  the  summer  of  1916  mining  the  auriferous  gravels 
on  the  Livengood  bench  claims.  The  accompanying  slretch  (fig.  6), 
showing  the  approximate  position  of  the  bench  claims,  is  compiled 
from  descriptions  by  the  miners  and  is  not  meant  for  an  accurate 
chart  of  the  placer  claims.  It  is  introduced  merely  to  show  the 
relative  position  of  the  different  claims. 

The  placer  mining  on  the  Livengood  bench  is  accomplished  entirely 
by  underground  methods.  A  shaft  is  sunk  to  bedrock  and  tunnels 
are  driven  in  two  directions  from  the  bottom  of  the  shaft,  along  the 
line  of  the  pay  streak,  as  far  as  it  is  expected  that  the  ground  will  bo 
worked  from  that  particular  shaft.  From  the  ends  of  the  two  tunneb 
crosscuts  are  made  to  the  lateral  Umils  of  the  auriferous  gravel,  and, 
the  piece  of  ground  to  be  worked  having  thus  been  blocked  out,  the 
gravel  is  removed  by  a  retreating  long-wall  system,  working  toward 
the  shaft.  It  is  feasible  to  work  150  or  200  feet  in  either  direction, 
and  hence  blocks  of  ground  30,000  to  40,000  square  feet  in  extent  are 
commonly  cleaned  from  a  single  shaft. 

The  underground  conditions  for  mining  are  excellent.  The  ground 
is  solidly  frozen  from  top  to  bottom.  No  water  is  present  in  the 
workings,  because  so  far  no  thawed  ground  or  underground  water- 
courses have  been  encountered.  The  ground  is  therefore  solid,  and 
little  or  no  timbering  is  necessary.  Examination  of  untimbered 
workings  a  year  old,  from  which  atl  the  gravel  has  been  removed, 
show  no  tendency  of  the  roof  to  cave.  These  favorable  conditions 
have  rendered  mining  much  more  economical  than  in  the  Fairbanks 
district. 

In  thawing  ground  in  the  tunnels  8-foot  steam  points  are  commonly 
used.  These  are  placed  2  feet  apart,  thus  rendering  the  duty  of  each 
point  4  square  feet  on  a  face,  or  about  1 .2  cubic  yards.  It  is  estimated 
that  1  horsepower  is  required  to  each  steam  point. 

After  thawing,  the  gravel  and  bedrock  is  picked  loose  and  conveyed 
by  wheelbarrow  to  the  shaft,  whence  it  is  elevated  to  the  surface,  con- 
veyed by  an  overhead  cable  to  the  desired  spot,  and  dumped  from 
self-dumping  carriers.  Sluicing  is  carried  on  in  the  usual  manner. 
Tailing  room  is  usually  procured  by  groundsluicing  off  a  channel  in 

1  Bnxdts,  A.  H.,  FraHmbiv;  nport  on  Uis  Ttdovuia  <llstrtEt:  U.  8,  Otol.  Bantj  BuU.  Ml,  p.  301,  IRU. 
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the  muck,  in  the  direction  of  Livengood 
Creek,  hut  occasionally  it  is  necessary  to 
elevate  the  sluice  hoxes  in  order  to  obtain 
sufficient  grade. 

Ground  that  is  owned  by  the  operator 
may  be  worked  at  a  profit  if  it  will  yield  50 
cents  to  the  square  foot  of  bedrock,  and 
under  favorable  conditions  and  economical 
management  ground  as  low  in  value  as  35 
cents  to  the  square  foot  may  be  mined. 
Operations  under  a  lease,  however,  must 
he  confined  to  higher-^ade  ground,  the 
exact  value  depending,  of  course,  on  the 
percentage  due  to  the  owner. 


Only  one  claim  has  thus  far  been  worked 
in  the  present  channel  of  Livei^ood  Creek, 
and  httle  is  known  of  the  length,  width,  or 
character  of  the  pay  streak.  It  was  reported 
to  the  writer  that  material  carrying  40  to  50 
cents  a  square  foot  has  been  found  at  certain 
localities  by  drilhng. 

The  claim  now  being  worked  is  claim  No. 
5  above  Discovery,  at  the  mouth  of  Gertrude 
Creek.  At  this  point  the  distance  to  bed- 
rock is  16  feet,  there  beii^  6  feet  of  muck 
overlying  10  feet  of  gravel.  The  gold  is  in 
the  lower  4  feet  of  gravel  and  the  upper  foot 
of  decayed  chert  bedrock,  and  the  tenor  is 
reported  to  be  higher  than  the  figures  above 
mentioned.  The  gold  is  said  to  be  rough 
and  shotty,  and  much  pyrite  is  reported  to 
occur  in  the  concentrates.  Mining  is  carried 
on  by  drifting  operations. 

Some  prospecting  has  been  done  on  the 
present  stream  gravels  of  Livengood  Creek, 
with  the  idea  of  their  possible  exploitation 
by  dredging.  Much  of  the  ground  is  frozen, 
and  it  seems  likely  that  the  operator  of  a 
dredge  would  be  obliged  to  figure  on  a  thaw- 
ing plant  in  order  to  reclaim  any  large  part 
of  the  gold. 

Prospecting  has  revealed  certain  addi- 
tional facts  regarding  the  location  of  the 
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pay  channel  on  tho  lower  portion  of  Livengood  Creek.  About  1,500 
feet  downstream  from  the  mouth  of  Ruth  Creek  and  300  feet  south 
of  Livengood  Creek  a  shaft  32  feet  deep  showed  25  feet  of  muck  and 
slide  overlying  7  feet  of  well-rounded  gravel.  Another  shaft  600 
feet  upstream  and  close  to  the  present  Livengood  Creek  exposed 
28  feet  of  muck  and  slide  overlying  7  feet  of  similar  gravel.  Gold 
is  present  in  the  lower  4  to  5  feet  of  gravel,  as  well  as  in  I  to  2  feet 
of  the  decayed  slate  bedrock.  Farther  iiownstream  the  depth  to 
bedrock  becomes  very  great. 

TRIBUTARIES  OF  UVENOOOD  CREEK. 
OOODLTTOX  CSXXK. 

No  mining  has  yet  been  done  on  Goodluck  Creek.  On  the  fourth 
claim  downstream  from  the  summit  at  the  head  of  the  creek  a  shaft 
has  been  sunk  60  feet  to  bedrock.  In  this  shaft  50  feet  of  muck  is 
exposed,  overlying  10  feet  of  angular  wash.  The  bedrock  is  a 
brocciated  dark-colored  flint.  Some  flaky  porous  gold  is  obtained 
just  above  the  bedrock. 

About  1,500  feet  farther  upstream  some  fine  gold  is  present  in 
angular  wash  almost  at  the  surface,  being  overlain  by  only  a  few  feet 
of  muck  and  underlain  by  a  deep  body  of  the  same  material.  It 
appears  from  this  occurrence  that  gold  has  been  eroded  from  the 
ridge  to  the  south  and  deposited  comparatively  recently. 

The  bedrock  on  the  southwest  side  of  Goodluck  Creek  is  largely 
silicified  limestone;  on  the  northeast  side  flint  or  dark  chert.  There 
seema  to  be  a  body  of  greenstone,  perhaps  a  dike,  lying  between  these 
two  rock  formations. 

AHTOSEXK. 

No  mining  has  been  done  on  Amy  Creek,  but  a  number  of  prospect 
shafts  along  the  east  side  of  the  creek  show  the  presence  of  auriferous 
gravels,  lying  on  bedrock.  The  owners  of  claim  No.  4  above  Dis- 
covery expect  to  begin  open-cut  work  duHng  the  summer  of  1917, 
and  other  claims  on  this  creek  will  also  doubtless  be  worked. 

Several  different  kinds  of  bedrock  are  present  in  the  basin  of  Amy 
Creek.  The  main  bedrock  is  chert,  but  at  the  mouth  of  the  second 
tributary  on  the  east  side,  above  Livengood  Creek,  a  body  of  albite 
granite  crops  out,  and  it  continues  apparently  eastward  to  the  top  of 
the  ridge.  At  the  extreme  head  of  Amy  Creek  basalt  porphyry 
occurs  with  the  chert,  and  at  tho  lower  end  some  limestone  is  present 
on  the  west  side  and  in  the  bedrock  under  the  gravels.  At  the  mouth 
of  the  creek  the  limestone  is  succeeded  by  graphitic  argilUte,  similar 
to  the  bedrock  on  the  Marietta  bench  claim. 

It  is  believed  that  Amy  Creek  has  been  an  important  contributor 
to  the  gold  content  of  the  Livengood  bench  and  stream  gravels.  It 
must  also  have  contributed  considerable  gold  to  the  basin  of  the 
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South  Fork  of  Hess  River,  at  the  time  when  it  was  tributary  to  that 
stream. 

T.TTfTtT.TI  aOIXlS. 

One  or  two  prospect  shafts  have  been  sunk  on  Lucille  Gulch,  but 
no  work  was  in  progress  during  the  summer  of  1916.  It  is  reported 
that  prospecting  will  be  continued. 

QIBTBirSB  CBZKK. 

Discovery  clium,  at  the  mouth  of  Gertrude  Creek,  was  being  ground- 
sluiced  in  August,  ldl6,  preparatory  to  the  beginning  of  open-cut 
placer  mining.  A  dam  has  been  constructed  upstream  to  provide  a 
water  supply  for  sluicing.  The  depth  to  bedrock  is  about  26  feet  at 
this  point.  The  thickness  of  gravel  is  14  feet,  of  which  the  upper  12 
feet  will  be  groundsluiced  off  with  the  overlying  muck,  and  the  lower 
2  feet  will  be  run  throtigh  the  sluice  boxes. 

The  bedrock  is  chert.  A  specimen  of  the  concentrates  collected 
with  some  gold  from  this  locality  shows  the  presence  of  magnetite, 
ilmenite,  picotite,  and  pale-yellow  zircon. 

About  a  mile  from  its  mouth  Gertrude  Creek  is  formed  by  the 
junction  of  two  forks,  the  eastern  one  of  which  is  known  as  Glen 
Gulch.  Discovery  claim,  at  the  lower  end  of  Glen  G^ch,  was  being 
worked  by  open-cut  methods  in  1916.  The  cut  showed  from  2  to  4 
feet  of  gravel,  covered  by  10  to  25  feet  of  muck.  The  bedrock  is 
silicified  limestone.  The  gold  is  fine,  angular,  and  shotty,  although 
pieces  worth  $1  have  been  found. 

KTrTBOSXSK. 

Open-cut  work  was  b^;un  at  the  lower  end  of  Discovery  clum, 
Ruth  Creek,  during  the  spring  of  ldl6.  The  bedrock  is  a  black,  finely 
crystalline  limestone,  much  seamed  with  calcite  and  quartz.  This 
is  overlain  by  5  feet  of  gravel,  which  is  covered  by  12  feet  of  muck  and 
slide.  Farther  up  on  the  same  clum  the  depth  to  bedrock  is  much 
less.  The  gold  hes  in  the  gravel  and  in  2  feet  of  bedrock.  The  gravels 
are  angular  and  comprise  chert  conglomerate,  chert,  sandy  shale, 
diorite,  and  otier  roclra.  The  pay  streak,  so  far  as  known  at  present, 
is  30  to  40  feet  wide.  The  gold  is  of  high  grade,  netting  $18  an  ounce 
or  more  after  deducting  all  charges.  It  is  partly  rough  and  partly 
well  worn.  The  largest  piece  so  far  found  is  worth  S3.  At  present 
the  gravel  is  shoveled  into  the  sluice  boxes.  Later  a  ditch  will  be 
dug  around  to  Gertrude  or  Amy  Creek,  and  a  hydraulic  plant  may  be 
installed.  Four  men  were  at  work  on  this  claim  at  the  time  of  visit, 
but  probably  more  were  employed  later  in  the  season,  when  the  supply 
of  water  became  adequate. 

On  the  lower  end  of  clum  No.  3,  above  Discovery,  two  men  were 
sinking  a  shaft  to  bedrock,  with  the  intfflition  of  drifting,  hoisting, 
and  sluicing. 
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Upstream  on  the  same  claim  another  operator  has  sunk  a  shaft  to 
bedrock,  b  depth  of  20  fee£,  and  was  also  plaiming  to  drift  and  sluice. 
At  this  point  on  Kuth  Creek  the  surface  of  the  bedrock  appears  to  dip 
away  from  the  creek  on  each  side,  so  that  there  are  two  deeper 
auriferous  channels.  Evidently  superposition  of  drainage,  due  to  tits 
general  process  of  silting  already  described,  has  occurred  on  the 
tributaries  of  Livengood  Creek,  as  well  as  on  the  main  stream. 

Preparations  are  also  being  made  to  do  placer  mining  in  claim  No.  4, 
above  Discovery,  where  the  depth  to  bedrock  ranges  from  5  to  18  feet. 
Some  of  the  ground  will  be  mined  by  drifting  and  some  of  it  by 
open-cut  work. 


Mining  operations  by  open-cut  methods  were  in  progress  on  two 
claims  on  Lillian  Creek,  Nos.  I  and  2,  above  Discovery.  Both  stream 
and  bench  placers  have  been  worked,  but  the  creek  is  so  small  that 
operations  of  both  types  have  been  done  on  creek  claims. 

On  claim  No.  2,  where  the  writer  obtuned  most  of  his  data,  suffi- 
cient work  has  been  accomplished  to  show  ih.6  general  character  of  the 
pay  streak,  which  is  well  developed  in  the  present  creek  but  slopes 
sway  into  the  hill  on  the  south  side,  thus  grading  into  an  older  chan- 
nel. The  width  of  this  pay  streak  is  at  least  168  feet,  but  ite  extent 
downstream  is  not  known.  On  the  north  wall  of  the  creek  Miother 
pay  streak,  100  feet  wide,  is  present  on  a  bench  about  60  feet  above 
the  creek  and  sloping  toward  it.  This  bench  and  its  auriferous 
gravels  appear  to  continue  downstream  into  the  adjoining  claim.  No.  1 
above  Discovery. 

In  the  creek  where  the  present  work  is  being  carried  on  there  is  an 
overburden  of  4  to  5  feet,  covering  about  18  inches  of  gold-bearing 
slide  gravel,  which  overlies  the  bedrock.  Farther  south,  in  the  slope 
of  the  hillside,  the  depth  to  bedrock  is  30  foct,  the  lower  15  feet  of 
which  is  gold-bearing  gravel.  The  gravels  in  general  are  angular  to 
subangular  and  are  composed  of  conglomerate,  greenstone,  and  a 
variety  of  sedimentary  rocks,  including  sandstone,  shale,  slate,  and 
quartzito.  The  bedrock  is  chiefly  sandstone  and  shale,  with  some 
slate,  and  is  commonly  mineralized  with  pyrite.  Gold  occurs  in  all 
the  gravels  and  in  1  foot  of  bedrock.  The  gold  is  angular,  coarse,  and 
even  grained.  It  is  said  to  render  a  net  return  of  $17.50  to  S18  an 
oxince. 

The  concentrates  taken  with  the  gold  on  this  claim  are  most  remark- 
able on  account  of  the  variety  of  minerals  they  contain.  The  follow- 
ing minerals,  named  roughly  in  their  order  of  abundance,  have  been 
identifled:  Magnetite,  Umenite,  picotite,  limonite,  cinnabar,  scheehte, 
zircon,  pyrite,  stibnite,  and  barite.  The  presence  of  picotite  is  not 
surprising,  in  view  of  its  universal  presence  in  Livengood  Creek,  but 
this  is  the  only  creek  in  this  district  from  which  scheelite  (calcium 
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tongBtate)  end  stibnito  (antimonj  siilphide)  have  been  taken. 
Gnnabar  (merciiry  sulphide)  is  also  present  on  Olive  and  Ester  creeks, 
and  is  reported  from  ^e  head  of  Ruth  Creek  but  is  nevertbelesa  also 
worthy  of  special  mention.  A  vein  of  stjbnit«  is  reported  to  have 
been  uncovered  in  the  mining  operations.  The  head  of  Lillian  Creek  ia 
only  a  short  distance  above  this  claim,  and  it  follows  that  neither 
iheae  heavy  minerals  nor  the  gold  has  traveled  very  far  downstream. 
This  is  also  shown  l^  the  angularity  of  the  gold.  It  is  judged  from 
the  presence  of  so  many  minerals  in  the  concentrates  that  the  minerali- 
zation at  the  head  of  the  creek  may  be  very  complex  in  character. 

The  present  work  in  T-ilUft"  Creek  is  accomplished  by  open-cut 
methods,  the  gravel  being  shoveled  into  sluice  boxes.  Two  small 
dams  have  been  used  to  store  water  for  use  in  the  bench  and  creek 
mining,  but  a  ditch  has  recently  been  completed,  which  will  deliver 
water  from  the  Olive  Creek  slope,  with  a  pressure  of  200  feet,  and  a 
hydraulic  plant  is  b^g  planned. 

The  present  work  on  claim  No.  1  above  Discovery,  is  being  done 
on  the  bench  gravels  on  the  north  side  of  the  creek,  where  there 
appears  to  be  about  6  feet  of  auriferous  gravel,  overlain  by  2  to  3 
feet  of  muck.  The  bedrock  slopes  toward  the  creek,  as  on  the  sd- 
joining  claim  upstream.  The  gold  is  distributed  in  the  gravel  and 
in  6  inches  to  1  foot  of  bedrock. 

The  value  of  the  ground  on  the  two  claims  on  Lillian  Creek  is 
rather  higher  than  that  in  the  other  tributaries  of  Livengood  Creek. 
In  fact,  this  ground  compares  favorably  in  value  with  some  of  the 
Livengood  bench  placers. 

TBIBUTABIES  OF  TOLOVANA  BIVEB. 


On  Discovery  daim  on  Olive  Creek  three  men  were  eng^ed  in 
open-cut  mining  during  the  seasons  of  1915  and  1916.  At  this 
locality  the  pay  streak  is  known  to  be  300  feet  wide,  of  which  100 
feet  was  planned  to  be  worked.  The  material  overlying  the  bedrock 
consists  of  angular  to  subangular  slide  gravel,  having  a  thickness  of 
10  feet  or  more.  There  is  no  overlying  muck.  These  gravels  con- 
sist of  black  flint,  argillite,  coarse-grained  granitic  rock,  diabase, 
green  flinty  nuneralized  rock,  quartzite,  and  chert  conglomerate. 
The  bedrock  is  a  dark  impure  sandstone.  The  gold  is  distributed 
mainly  in  the  lower  7  feet  of  gravel,  though  it  has  been  noted  that 
certain  horizons  in  the  gravel  were  particularly  productive. 

The  gold  is  roi^h  and  unworn  and  is  «lso  very  fine,  no  pieces  of  a 
value  exceeding  16  or  20  cents  having  been  found.  The  gold  has  a 
net  value  of  $18  an  ounce,  after  deducting  all  charges.  The  con- 
centrates taken  with  the  gold  include  magnetite,  ilmenite,  cinnabar, 
picotite,  and  limonite.    Cinnabar  is  plentiful. 
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The  ground  is  frozen,  but  it  is  opened  up  and  allowed  to  thaw 
aaturally.  The  thawed  ground  is  washed  into  the  cut  hy  a  hydraulic 
Dozzle  and  directed  into  the  sluice  boxes  by'means  of  shear  boards. 
The  stream  of  water  also  aids  materially  in  the  procees  of  thawing. 
Water  is  obtained  from  E^ter  Creek  by  means  of  a  ditch.  When 
water  is  scarce  a  dam  in  Olive  Creek  is  used,  which  supplies  enough 
water  for  ten  minutes'  sluicing. 

On  claim  No.  2  below  Discovery  two  men  were  opening  a  4,000- 
foot  cut,  60  feet  wide  at  the  upper  end  and  30  feet  wide  at  the  lower 
end,  which  was  intended  to  be  sluiced.  The  pay  streak  here  is  at 
least  350  feet  wide.  There  is  14  feet  of  gravel  at  the  surface,  all  of 
which  carries  gold.  Under  the  gravel  is  a  seam  of  clay,  and  between 
the  clay  and  bedrock  about  80  feet  of  barren  muck.  A  little  coarse 
gold  is  found  at  bedrock,  but  not  enough  to  warrant  the  removal  of 
the  overlying  muck,  or  to  pay  the  expense  of  drift  mining.  Only 
the  upper  14  feet  of  gravel  will  be  mined. 

XBTXa  CSEXK. 

Prospecting  and  mining  in  a  small  way  was  being  carried  on  by  two 
men  on  a  fractional  claim  above  Discovery,  on  Ester  Creek.  The 
pay  streak  has  not  yet  been  definitely  located,  but  the  owners  believe 
they  are  on  the  edge  of  it.  Coaditioos  are  similar  to  those  on  Olive 
Creek,  but  the  distance  to  bedrock  is  20  feet,  and  the  work  is  being 
accomplished  by  drifting  from  the  bottom  of  a  shaft.  The  bedrock 
here  is  flint.  About  3,000  feet  downstream  the  depth  to  bedrock 
drops  rather  abruptly  to  90  feet. 

The  gold  recovered  is  said  to  assay  $18.85  an  ounce  after  melting. 
The  concentrates  taken  with  the  gold  indade  magnetite,  ilmenite, 
picotite,  cinnabar,  limonite,  and  zircon. 

BOOTH  FOKK  OF  HESS  HrVEE. 

Prospecting  has  been  carried  on  for  two  years  on  the  South  Fork 
of  Hces  River  and  its  tributaries,  but  so  far  no  continuous  pay  streak 
has  been  located,  though  fairly  productive  pockets  of  gold  have  been 
fotmd  in  the  gravels  at  several  localities.  In  the  light  of  the  drainage 
history  of  this  district  this  condition  is  not  surprising  nor  difficult  to 
underatand.  The  South  Fork  in  its  earliest  history  flowed  in  the 
same  direction  as  at  present  but  included  also  the  present  head- 
water tributaries  of  Liveogood  Creek.  During  that  period  doubt- 
less considerable  gold  was  carried  into  the  drainage  system  of  the 
South  Fork  from  the  ridge  south  of  Livengood  Creek,  which  appears 
to  be  the  source  of  most  of  the  gold  in  this  vicinity.  Subsequently, 
however,  Livengood  Creek  tapped  the  Hess  River  drainage  system, 
and  a  rock  divide  was  established  in  Hees  River  east^northeast  of 
livengood  Dome.    After  this  divide  was  established  most  of  the 
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gold  previoaaly  washed  down  into  the  South  Fork  was  retransported 
into  Livengood  Creek  and  concentrated  in  the  present  bench  channel. 
At  a  still  later  date,  after  the  period  of  silting,  the  South  Fork  re- 
dfumed  much  of  its  former  drainage  basin  but  did  act  succeed  in 
TeclainuDg  Goodluck,  Amy,  Wonder,  and  Heine  creeks  and  has  there- 
fore obtained  gold  only  by  means  of  Goldstream  Creek  and  from  the 
erosion  of  any  auriferous  bedrock  in  its  basin.  From  the  reported 
presence  of  small  amounts  of  gold  on  Alabam  and  Moose  CTeeks,  it 
seems  probable  that  mineralized  bedrock  must  exist  in  the  drainage 
basins  of  these  streams  but  the  extent  of  such  minerahzation  and 
its  potential  significance  in  the  formation  of  commercial  placeis  in 
these  and  other  tributaries  of  the  South  Fork  remain  to  be  proved. 
It  seems  to  the  writer  that  there  would  be  more  probabihty  of  finding 
conmiercial  placers  on  the  benches  in  the  upper  part  of  Oioldstream 
Creek  than  farther  downstream. 

OOLS  LODE  PBOSPECTS. 

At  the  heads  of  Ruth,  LilUan,  and  Olive  creeks  a  group  of  lode 
daima  have  been  located.  Two  men,  interested  in  16  of  these  claims, 
have  been  engaged  for  over  a  year  in  prospecting  and  have  done  a 
certain  amount  of  development  work. 

On  the  sptur  west  of  Kuth  Creek,  at  an  elevation  of  about  1,400 
feet,  a  min^alized  area  begins  that  extends  southward  to  the  top  of 
the  spur,  a  distance  of  several  hundred  feet.  In  this  area  quartz 
stringers  are  numerous,  most  of  thorn  striking  from  S.  20°  E.  to  - 
S  60°  E.  Such  veinlets  are  as  a  rule  nearly  vertical,  but  at  one 
locality  they  dip  steeply  to  the  west.  They  range  from  a  fraction 
of  an  inch  to  2  or  3  inches  in  width  and  are  mineralized  with  pyrite, 
arsenopyrite,  and  gold.  Some  of  them  are  reported  to  carry  as  much 
as  $12  to  the  ton  in  gold  and  $2  to  the  ton  in  silver,  but  the  average 
value  would  probably  be  much  lower.  Calcdte  veins  carrying  some 
gold  and  sulphide  minerab  are  also  present.  Theee  apparently  cut 
the  quartz  veins  and  are  therefore  later. 

Where  the  quartz  stringers  hare  been  exposed  there  is  commonly 
also  an  intensely  mineralized  zone  on  both  sides.  Thus  at  one 
locality  about  halfway  up  the  spur,  a  quartz  vein  I  inch  thick  is 
bordered  by  such  a  zone  of  mineralization,  which  extends  on  each 
side  for  a  distance  of  IS  inches,  gradually  merging  into  the  country 
rock.  This  zone  is  in  part  much  decayed  and  in  part  a  hard  green- 
stained  rock,  composed  of  a  mixture  of  crystalline  dolomite,  quartz, 
calcite,  and  sidphides.  The  green  material  is  plainly  an  oxidation 
product,  derived  from  numerous  grains  of  chromite  that  are  scat- 
tered throughout  the  mineralized  rock.  It  may  be  mariposite,  a 
chromiferous  chlorite. 
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The  country  rock  on  this  spur  is  a  part  of  the  Middle  Devonian 
stratigraphic  sequence  and  hence  is  made  up  of  many  rock  types, 
including  sandstone,  shale,  slate,  quartzite,  crystallLne  limestone,  and 
dolomite,  as  well  as  a  variety  of  intrusive  rocks.  The  more  intense 
mineralization  so  far  discovered  appears  to  have  been  localized  in 
and  near  the  quartz  veins,  but  diffuse  mineralization  has  occurred 
in  much  of  the  surrounding  country  rock.  Considerable  white 
opaque  quartz  is  also  present  on  this  spur,  but  it  seems  to  have  no 
genetic  connection  with  the  gold,  and  is  mineraUzed  only  where  it 
occurs  near  the  mineralized  zones  above  described.  A  soda  rhyolite 
porphyry,  which  intrudes  the  country  rock  near  the  upper  end  of 
the  mineralized  area  and  is  itself  heavily  mineralized  and  veined 
with  quartz,  is  believed  to  have  a  genetic  connection  with  this  lode 
deposit.  At  the  upper  end  of  this  spur,  on  Money  Knob,  the  country 
rock  ia  greatly  sheared  and  shows  a  well-developed  vertical  cleava^ 
striking  S.  20"  E.    This  rock  also  is  diffusely  mineralized. 

As  far  as  may  be  judged  from  the  present  developments,  a  lat^ 
body  of  rather  low  grade  gold  ore  is  present  in  the  lode  at  the  heads 
of  Ruth,  Lillian,  and  OUve  creeks.  It  is  unlikely  that  under  present 
conditions  this  lode  as  a  whole  can  be  worked  at  a  profit;  but  more 
development  work  may  reveal  zones  of  higher-grade  ore  that  might 
possibly  be  worked,  even  under  present  conditions. 

The  presence  of  chromite  within  this  area  of  mineralization  is 
particularly  worthy  of  note.  One  small  excavation  at  the  surface 
has  exposed  a  body  of  chromite,  but  neither  the  extent  of  the  deposit 
nor  its  relation  to  the  surrounding  rocks  is  apparent  from  the  small 
amount  of  work  done.  It  is  believed  that  the  chromite  has  a  genetic 
connection  with  bodies  of  serpentine  in  this  vicinity  and  its  presence 
in  association  with  the  gold  is  therefore  regarded  merely  as  a  fortui- 
tous circumstance.  It  appears,  however,  that  the  gold-bearing  solu- 
tions have  dissolved  and  redeposited  some  of  this  chromite,  as  is 
indicated  by  the  presence  of  its  oxidation  products  in  the  mineral- 
ized zones  near  the  quartz  veins. 

On  the  south  side  of  the  ridge  between  Livengood  Creek  and  Tolo- 
vana  Kiver,  on  the  headwater  slope  of  Olive  Creek,  a  small  landslide 
has  exposed  a  body  of  much  weathered  granitic  rock,  from  which 
cinnabar  was  panned. 

UINBBALIZATION. 

There  can  be  httle  doubt  that  the  mineralization  that  produced 
the  placers  on  Livengood  Creek  was  locahzed  mainly  on  the  ridge 
between  Livengood  Creek  and  Tolovana  River.  The  presence  of  gold 
in  all  the  streams  draining  this  ridge  and  its  absence  in  the  other 
tributaries  of  Livengood  Creek  afford  sufficient  proof  of  this  general 
statement.     The  occurrence  of  intense  mineralization  in  the  lode 
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deposit  at  the  heads  of  Ruth,  LiUiao,  and  Olive  creeks  serves  as  cor- 
roborative evidence. 

There  remains,  however,  the  question  of  the  outer  limits  to  which 
the  mineralization  extended.  The  pyiitized  condition  of  the  bedrock 
underlying  the  bench  placers  at  certain  claims  on  Livengood  Creek 
is  essentially  similar  in  nature,  though  more  diffuse,  than  the  min- 
eralization at  the  gold  lode  above  referred  to.  It  seems  probable, 
therefore,  that  north  of  the  ridge  the  bench  placers  of  livengood 
Creek  may  mark  the  outer  limits  of  mineralization.  It  is  believed, 
however,  that  only  a  very  small  amount  of  the  Livengood  bench  gold 
was  residual — that  is,  derived  from  the  weathering  of  the  under- 
lying bedrock.  All  the  evidence  goes  to  show  that  it  has  been  trans- 
ported some  distance  to  its  present  position. 

The  presence  of  a  small  amount  of  gold  in  the  upper  drainage 
basin  of  the  South  Fork  of  Hess  River  and  in  Moose  Creek  lends 
strength  to  the  belief  that  a  diffuse  phase  of  the  same  mineralization 
may  have  extended  a  considerable  distance  to  the  east  and  north- 
east. The  regional  trend  of  the  rock  formations  Ues  in  this  direction, 
and  if,  as  seems  probable,  the  mineralization  was  related  to  structural 
features,  it  is  not  to  he  expected  that  the  mineralizii^  effect  would 
he  sharply  delimited  in  this  direction.  Yet  in  the  course  of  a  traverse 
around  the  head  of  the  South  Fork  drainage  basin  the  writer  was 
unable  to  see  any  indication  of  intense  mineralization  along  the  ridge 
tops,  nor  any  bodies  of  acidic  intrusive  rocks  that  would  indicate  the 
presence  of  a  gold  mineralization.  This  information,  however,  is  by 
no  means  conclusive  evidence  of  the  absence  of  commercial  gold 
placers  in  that  area,  for  the  valleys  are  wide,  and  a  traverse  along 
the  ridge  tops  represents  only  a  hasty  examination  of  a  small  area. 
Nevertheless,  the  writer  is  inclined  to  beUeve  that  the  more  intense 
phase  of  the  gold  mineraUzation  was  confined  to  the  ridge  between 
Livengood  Creek  and  Tolovana  River. 

To  the  south  of  this  ridge  the  mineralizing  effect  is  probably  rather 
sharply  delimited,  as  to  the  north.  That  this  is  true  is  indicated  by 
the  failure  of  the  gravels  of  Steel  Creek  (south  of  Tolovana  River) 
to  become  productive  placers,  as  expected.  To  the  west  and  south- 
west, in  the  Tolovana  Flats,  the  bedrock  lies  at  a  great  depth,  and 
the  continuation  of  this  zone  could  lie  in  the  basin  of  the  West  Fork 
of  Tolovana  River.  Whether  other  gold  placers  he  in  that  direction 
has  not  yet  been  proved. 

The  close  relation  between  the  mineraUzation  in  the  vicinity  of 
Livengood  Creek  and  the  regional  structure  is  well  shown  by  the 
geologic  map.  The  regional  structural  trend  in  this  district  is  about 
N.  60'^  E.,  but  it  will  be  noticed  that  in  the  area  of  the  mineraUzatioa 
there  is  a  marked  flexure  in  the  rock  fonnations,  resulting  in  the 
development  of  a  well-defined  cross  structure  that  trends  about 
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N.  60"  W.  The  ridge  northwest  of  Amy  Dome  reflects  this  structure 
in  its  direction  of  elongation,  as  does  also  the  contact  between  the 
Middle  Devonian  rocks  and  the  chert  formation  in  the  same  vicinity. 
The  presence  of  these  two  major  tectonic  lines  has  also  determined 
the  course  of  Tolovana  River,  which  for  11  or  12  miles  flows  in  a 
general  westerly  direction.  The  valley  of  upper  Livengood  Creek 
also  shows  a  tendency  toward  a  westerly  elongation. 

The  lode  deposit  above  described  also  shows  a  structure  at  variance 
to  the  r^onal  structure.  The  quartz  veins  have  a  general  strike 
ranging  from  N.  20°  W.  to  N.  60°  W.,  and  the  mineralized  country 
rock  has  been  sheared  in  a  northwesterly  direction,  to  the  ext«nt  of 
developing  locally  northwesterly  a  cleavage. 

The  immediate  cause  of  the  gold  mineralization  in  the  vicinity  of 
Livengood  Creek  is  related  to  the  intrusion  of  igneous  rocks,  with  the 
subsequent  migration  of  mineralizing  solutions  therefrom.  Igneous 
rocks  of  severfj  kinds  occui  on  the  ridge  between  Livengood  Creek 
and  Tolovana  Kiver,  and  the  relations  existing  between  the  different 
types  are  obscure.  Consequently,  to  an  even  greater  extent,  are  the 
mineralizii^  processes  difficult  to  decipher.  Certain  observed  facts, 
however,  have  influenced  the  writer  to  the  belief  that  the  gold  miner- 
alization had  a  more  intimate  genetic  connection  with  the  more 
acidic  types  of  intrusive  rocks  on  this  ridge.  One  of  these  facts  is 
the  intimate  association  of  soda  rhyolite  porphyry  with  the  lode 
deposit  and  the  heavy  mineralization  of  that  rock;  the  second  is  the 
presence  of  cinnabar  in  decayed  granitic  material  at  the  head  of  Olive 
Creek;  and  the  third  is  the  presence  of  the  conspicuous  body  of  albite 
granite  in  the  basin  of  Amy  Creek. 

Even  if  the  assumption  of  this  genetic  association  is  correct,  there 
^t  remain  other  puzzling  features.  First  of  all,  there  seems  to  be 
considerable  diversity  in  the  mineralizing  effects  within  the  same 
zone.  At  the  west  end  of  the  mineralized  ridge  cinnabar  is  present 
in  the  concentrates  from  three  creeks,  and  stibnite  and  scheehte  in 
the  concentrates  from  one  of  these  creeks;  yet  at  the  east  end  of  the 
same  ridge  none  of  these  minerals  have  been  reported,  and  even  if 
they  are  present  they  must  occur  in  minor  amounts.  The  type  of 
occurrence  at  the  west  end  of  the  ridge  suggests  a  certain  similarity 
to  the  type  of  mineralization  prevalent  in  the  Iditarod  district.  Yet 
no  residual  placers  occiu*  here,  as  at  Iditarod,  and  the  gold  mineraliza- 
tion seems  tb  have  been  connected  directly  with  quartz  veins,  and 
only  indirectly  with  the  acidic  intrusives.  The  mineralization  at  the 
east  end  of  the  ridge,  however,  with  the  lack  or  paucity  of  cinnabar 
in  the  concentrates,  seems  to  resemble  more  nearly  the  Fairbanks 
type.  Finally,  the  total  absence  of  cassiterite  everywhere  in  the 
Tolovana  district  t«nds  to  show  that  tins  mineralization  is  entirely 
different  from  the  Hot  Springs  type. 
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'^ih  these  WDomaloos  featuree  in  mind,  th«  writer  does  not  feel 
warraoted  in  making  any  very  definite  statements  r^arding  the 
geologic  age  of  the  Liyengood  mineralization^  nor  r^arding  its  corre- 
lation  with  the  mineralization  at  localitiee  near  "by.  .  The  presence 
of  stibnite,  and  particularly  cinnabar,  is  interpreted  as  indicating  a 
Tertiary  age  for  at  least  a  part  of  the  gold  deposition,  but  it  seems 
entirely  possible  that  such  an  area,  characterized  by  divergent  struc- 
ture and  igneous  intrusion,  might  have  been  subjected  to  mineraliz- 
ing effects  at  more  than  one  period  in  geologic  time.  The  occurrence 
of  chromite  and  chrome  spinel  in  the  district  has  a  bearing  on  this 
point.  These  two  minerals  are  with  little  doubt  connected  genet- 
ically with  the  bodies  of  serpentine  in  the  Middle  Devonian  rocks 
near  livengood,  and  the  serpentine  is  interpreted  as  evidence  of 
Paleozoic  volcanism.  It  is  not  tmlikely  that  this  locality  was  a  zone 
of  weakness  and  a  site  of  chromium  mineralization  during  Middle 
Devoman  time.  If  this  is  true,  it  would  not  be  unreasonable  to  infer 
that  such  a  zone  of  weakness  may  have  been  localized  in  this  par- 
ticular  area  for  geologic  ages.  The  possibility  therefore  remains  that 
the  Lavengood  mineralization  is  composite  in  character  and  repre- 
sents the  total  effect  of  more  than  one  period  of  mineralization. 


DicMzedbyGoOglC 


D.».„.db,  Google 


MINERAL  RESOURCES  OF  THE  KANTISHNA  REGION. 


By  Stephen  R.  Capps. 


INTRODUCTION. 

The  region  discussed  in  this  report  lies  on  the  north  side  of  the 
Alaska  Range  and  includes  portions  of  the  basins  of  Nenana  and 
Eantislma  rivers.  (See  PI.  XV.)  It  includes  the  southern  portion 
of  the  Xanana  lowlands  and  some  of  the  outlying  mountain  ridges, 
though  nowhere  reaching  the  crest  of  the  range,  and  lies  between 
meridians  149°  and  ISl"  10'  west  longitude,  and  parallels  63°  26' 
and  64°  15'  north  latitude.  Figure  7  shows  the  relation  of  this  area 
to  surrounding  portions  of  Alaska. 

The  discovery  of  gold  in  the  Canadian  Klondike  and  the  conse- 
quent influx  of  prospectors  and  miners  resulted  in  the  beginning  of 
systematic  exploration  in  this  region.  The  first  accurate  surveys  in 
this  vicinity  were  made  in  1898,  when  two  United  States  Geological 
Survey  parties  reached  the  Alaska  Range.  One  of  these  parties, 
conducted  by  George  H.  Eldridge  and  Robert  Muldrow,  ascended 
Susitna  River  and  crossed  the  divide  to  the  head  of  Nenana  River. 
The  other  party,  in  charge  of  J.  E,  Spurr  and  W.  S.  Post,  ascended 
to  the  head  of  Skwentna  River,  crossed  the  Alaska  Range,  and 
descended  the  Kuskokwim.  Thus  some  of  the  major  features  of 
the  range  were  outlined,  although  neither  of  these  parties  reached 
the  region  here  discussed.  The  first  survey  to  be  extended  to  th& 
Kantishna  region  was  made  in  1902,  when  a  Geological  Survey 
expedition  under  the  leadership  of  A.  H.  Brooks  and  D.  L.  Reabtirn 
proceeded  from  Cook  Inlet  to  the  head  of  the  Skwentna,  crossed  the 
Alaska  Range,  and  traversed  the  northwest  Sank  of  the  range  as 
far  eastward  as  Nennna  River,  thus  crossing  the  region  from  west 
to  east.  In  1903  and  1904  the  great  gold  rush  to  the  Fairbanks 
district  took  place  and  prospecting  was  stimulated  throughout  the 
Tanana  Valley.  In  1905  gold  placer  gravels  were  discovered  in  the 
Eantishna  Hills,  north  of  Mount  McKinley,  and  several  thousand 
gold  seekers  came  to  the  scene  of  the  new  dig^ngs.  Most  of  these 
were  disappointed,  but  a  few  located  paying  ground,  and  the  district 
has  been  producing  ^nce  that  time.  Furthermore,  within  the  last 
few  years  a  simiber  of  promising  gold  lodes  have  been  found  in  the 
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district.  The  beginning  of  vigorous  construction  work  on  a  Govern- 
ment railroad  from  .Seicard  to  Fairbanks,  by  way  of  the  Susitna  and 
Nenana  valleys,  has  made  it  likely  that  many  mining  claims  in  the 
Kantishna  district  which  were  not  worked  under  the  old  conditions 
of  difficult  access  and  costly  transportation  will  become  valuable,  and 
a  demand  has  arisen  for  more  detailed  and  more  recent  information 
about  the  region  than  was  available.  Accordingly  two  parties  were 
sent  to  this  field  in  1916  to  extend  the  topographic  and  geologic 
mapping.  The  topographic  party,  in  charge  of  C.  E.  Giffin,  com- 
menced work  on  Nenana  Kiver  at  the  mouth  of  Dry  Creek  and  car- 
ried the  mapping  westward  to  include  the  Kantishna  mining  dis- 
trict. The  geologic  party,  in  charge  of  the  writer,  covered  much 
the  same  ground,  and  at  the  end  of  the  season  several  weeks  were 
spent  in  a  study  of  the  placer  and  lode  deports  of  the  Kantishna 
district. 

Before  tliis  work  was  commenced  a  general  knowledge  of  the 
geology  of  the  region  had  been  gained  by  earlier  expeditions.  In 
1902  Brooks '  and  Frindle  bad  crossed  the  region  and  had  mapped  the 
surface  distribution  of  the  various  formations  along  this  route.  In 
1906  Prlndle*  again  made  a  hasty  trip  to  the  then  newly  discovered 
Kantishna  diggings.  In  1910  the  writer*  mapped  an  area  between 
!Nenana  and  Delta  rivers,  adjoining  this  region  on  the  east.  Detailed 
reference  to  the  work  of  these  geologists  will  be  made  in  a  more  com- 
plete report  on  this  region,  now  in  preparation,  but  full  use  has  been 
made  by  the  present  writer  of  their  published  and  unpublished  notes. 
Especial  acknowledgment  is  due  to  the  pioneer  work  of  Brooks  and 
Prindle,  for  they  recognized  and  outlined  all  the  major  rock  forma- 
tions and  in  the  almost  complete  lack  of  fossils  from  this  area  it  is 
largely  on  the  basis  of  their  observations  that  the  age  of  several  of 
the  formations  is  determined. 

The  conclusions  reached  in  this  paper  and  the  distribution  of  for- 
mations shown  on  the  accompanying  geologic  sketch  map  (PI.  XV) 
are  the  result  of  a  merely  preliminary  study  of  the  material  at  hand 
and  are  subject  to  modifications  in  the  fuller  report. 

GENERAL  FEATURES  OF  THE  DISTRICT. 

aEOGBAPBT. 

Few  areas  in  the  world  exceed  in  scenic  grandeur  the  Alaska  Range 
in  the  vicinity  of  Mount  McKinley.  That  mountain  itself,  having 
an- elevation  of  20,300  feet,  is  the  loftiest  peak  in  North  America,  and 

>BroabH,  A,  H,,  The  Maont  HcElnle;  reKion,  Alaaks.;  tJ.  B.  GeoL  Bmtrtj  Prot  Paper 
70,  101 1. 

■PrlDdle,  L.  H.,  Tlie  BoDnlfleld  and  KsntiBluu  legLoQi :  U.  8.  Geot.  Snrrer  Butt.  314, 
pp.  206-S2S,  1907. 

■Ckppi,  S.  B.,  The  Bannifleld  region,  Alaska :  U.  8.  Oeol.  Bnrver  BnlL  B01>  1813. 
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with  its  companion  peak,  Mount  Forater,  can  be  seen  fFom  Yukon 
Biver,  on  the  northwest,  to  Cook  Inlet,  on  the  south.  Althou^  both 
of  these  impreesive  ice  domes  surpass  by  several  thousand  fe^  the 
highest  of  their  neighbors,  they  stand  amidst  a  multitude  of  rugged 
and  magnificent  mountains.  The  line  of  perpetual  snow  lies  at  an 
elevation  between  6,000  and  7,000  feet,  and  above  it  all  surfaces  not 
too  steep  to  hold  snow  are  buried  beneath  an  icy  covering.  From 
this  mountain  mass  great  glaciers  descend  all  the  larger  valleys  to 
the  mountain  front,  and  the  crest  of  the  range  is  therefore  inacces- 
sible except  to  the  man  who  is  willing  to  endure  the  hardships  of 
alpine  work.  In  the  winter  of  1916  Congress  passed  an  act  to  estab- 
lish the  Mount  McKinley  National  Park,  containing  an  area  of 
about  2,200  square  miles,  and  thus  preserved  for  the  people  the 
mountain  scenery  and  the  prolific  herds  of  wild  game  that  have 
made  the  north  slope  of  this  part  of  the  Alaska  Range  notable. 
With  the  completion  of  the  new  Government  railroad  this  national 
park  will  become  accessible  and  will  afford  a  splendid  area  for  study 
and  recreation  in  the  midst  of  America's  most  inspiring  natural 
surroundings. 

Only  a  small  part  of  the  main  Alaska  Range  is  included  in  the 
area  here  described,  but  plans  are  imder  way  to  extend  the  geologic 
and  topographic  mapping  to  include  the  main  range  from  Broad 
Pass  to  Mount  McKinley  and  the  northwest  face  of  the  range  for 
some  distance  southwest  of  the  mountain.  The  area  here  described 
comprises  some  of  the  long  mountain  ridges  that  extend  nortiiward 
from  the  crest  of  the  range ;  several  subsidiary  mountain  ridges  that 
lie  north  of  and  parallel  to  the  main  range;  the  so-called  Kantishna 
Hills;  and  the  low,  basin-like  areas  that  lie  between  and  north  of  the 
foothiU  ranges. 

Two  large  streams,  Nenana  and  Kantishna  rivers,  both  tributariea 
of  the  Tanana,  receive  the  drainage  from  this  region.  Nenana  Biver 
borders  the  area  on  the  east,  and  to  it  Teklanika  River,  which  drains 
the  eastern  portion  of  the  area,  is  tributary.  Kantishna  River  drains 
a  wide  area  west  of  the  Nenana  Basin  and  within  the  region  here 
described  is  fed  by  Toklat  River  and  its  glacial  waters  and  by  the 
clear  waters  of  Bearpaw  River,  draining  the  north  and  west  ^opes 
of  the  Kantishna  Hills, 

aiACIATION. 

The  higher  portions  of  the  Alaska  Range  constitute  the  feeding 
ground  for  many  glaciers,  and  an  ice  stream  is  to  be  found  in  the 
head  of  almost  every  valley  that  drains  from  the  divide.  These 
glaciers  are  smallest  where  the  mountains  are  low,  but  from  the 
loftier  portions  of  the  range  great  valley  glaciers  flow  down  radially 
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in  all  directions.  Glacial  ice  is  most  abundantly  developed  on  the 
southeast  slope  of  the  range,  as  the  precipitation  is  heavier  on  that 
side  than  in  the  Xanana  Basin,  and  the  glaciers  that  drain  to  the 
Pacific  are  thus  much  larger  than  those  whose  waters  flow  to  Yukon 
and  Kuskokwim  rivers.  In  the  area  here  described  there  are  no  large 
glaciers,  but  the  streams  that  cross  it  are  fed  from  the  melting 
ice  fields  and  carry  abundant  debris  supplied  by  the  ice  tongues. 
The  present  glaciers  are,  however,  of  small  size  compared  to  the  ice 
streams  that  in  times  past  Sowed  northward  from  the  range  far  out 
into  the  foothills.  That  greater  glaciers  were  formerly  present  ia 
now  to  be  recognized  by  the  shape  into  which  they  eroded  their  beds 
and  by  the  deposits  of  glacial  debris  they  laid  down  in  moraines  and 
as  glacial  outwash  gravel.  The  influence  of  the  ice  advance  was  thus 
felt  far  beyond  the  borders  of  the  glaciers  themselves,  for  the  turbid 
streams  built  up  valley  deposits  of  glacial  gravels  that  extend  many 
miles  north  of  the  area  that  was  actually  covered  by  ice. 

KOVTES  OP  TBAVUL. 

The  remoteness  of  the  Kantishna  region  from  established  lines  of 
transportation  has  made  travel  to  it  difficult  and  the  transportation 
of  supplies  expensive.  Even  the  mail  arrives  at  very  irregular  inter- 
vals, for  no  mail  route  to  the  mining  district  has  been  established 
and  mail  is  brought  in  only  by  courtesy  of  the  chance  traveler.  Often 
the  camp  is  isolated  from  communication  with  the  outside  world 
for  weeks  or  months  at  a  stretch.  During  the  season  of  surface 
mining  in  summer  the  miners  are  busily  engaged  in  working  their 
ground  and  rarely  make  trips  to  Tanana'Kiver,  the  nearest  line  of 
communication. 

Fairbanks  has,  until  1913,  been  the  center  of  supplies  for  the 
Kantishna  district,  and  most  of  the  supplies  taken  to  the  mines  have 
been  hauled  in  from  Fairbanks  in  the  winter  by  dog  sleds.  The 
customary  route  followed  Tanana  Kiver  down  to  the  mouth  of  the 
Nenana,  ascended  that  stream  to  the  base  of  the  foothills,  a  distance 
of  30  miles,  and  thence  proceeded  westward  along  the  base  of  the 
foothills  to  Knight's  roadhouse  on  Toklat  Kiver,  north  of  Chit^da 
Mountain.  The  trail  then  followed  up  the  Toklat  and  its  tributary 
Clearwater  Fork  to  Myrtle  Creek,  up  Myrtle  Creek  and  across  a 
low  divide  to  Spruce  Creek,  and  down  that  stream  and  Moose  Creek 
to  the  mines  on  Moose  Creek  and  its  tributaries.  The  total  distance 
by  this  route  from  Fairbanks  to  Moose  Creek  at  the  mouth  of  Eureka 
Creek  is  about  165  miles.  Now  that  the  town  of  Nenana  has  been 
established  at  the  mouth  of  Nenana  Biver  it  is  likely  that  many  of  the 
supplies  for  the  mines  will  be  purchased  at  Nenana  and  the  sled 
haul  shortened  by  5$  milee. 
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Summer  travel  to  the  Kantishna  region  goes  almost  ezclasiTely 
by  boat.  The  regular  river  steamboats  mo  to  the  mouth  of  Kan- 
tishna  Biver,  and  shallow-draft  launches  may  be  used  to  ascend  that 
stream  and  its  tributary,  Bearpaw  River,  to  the  head  of  navigation  at 
Diamond.  From  Diamond  it  is  necessary  in  summer  to  go  afoot  to 
the  mining  claims,  and  in  winter  dog  sleds  are  used.  It  is  also  possi- 
ble to  take  launches  up  Kantishna  Giver  to  McKinley  River,  and  up 
that  stream  to  the  abandoned  town  of  Roosevelt,  which  Is  about  as 
distant  as  Diamond  from  the  mines  on  Eureka  Creek.  The  route 
overland  from  Roosevelt  lies  through  a  country  that  is  swampy  in 
the  summer,  and  this  route  has  been  little  used  in  recent  years. 

It  has  been  the  prevailing  custom  for  each  miner  to  bring  in  his 
own  supplies  early  in  the  spring  by  dog  sled,  so  that  no  commercial 
rate  for  winter  freighting  is  definitely  established.  Some  provisions, 
eq>ecially  those  of  the  kind  that  are  damaged  by  freezing,  have  been 
brought  from  Fairbanks  to  Diamond  by  launch  in  summer  at  a 
freight  charge  of  4  to  6  cents  a  pound. 

Summer  travel  to  the  parts  of  this  area  other  than  the  immediate 
vicinity  of  the  mines  is  negligible.  During  the  season's  field  work 
between  Kenana  River  and  the  Kantishna  mining  district  the  Survey 
parties  encountered  no  one  and  found  no  evidence  that  anyone  had 
been  there  recently.  No  summer  trails  were  seen,  although  a  number 
of  trappers'  cabins  and  tents  indicate  that  a  few  men  spend  their 
winters  in  trapping  and  hunting  within  the  area.  The  country  is, 
however,  easily  passable  in  summer  for  pack  horses.  The  gravel 
bars  of  the  larger  streams  afford  firm  footing  for  horses,  and  there 
are  many  low  divides  through  the  north-south  ridges,  so  that  it  is 
easy  to  pass  from  one  stream  basin  to  the  next  To  one  who  is 
familiar  with  the  difficulties  of  summer  travel  in  maoy  other  parts 
of  Alaska  this  region  offers  a  pleasant  relief  from  boggy  ground 
and  brush. 

TBaSTATIOH. 

Much  of  this  region  lies  above  timber  line.  The  Tanana  lowland 
is  dotted  with  marshes,  interspersed  with  patches  of  small  timber, 
including  spruce,  birch,  tamarack,  and  cottonwood;  the  spruce 
greatly  predominates  over  the  other  varieties.  The  heaviest  stands 
of  timber  appear  in  the  better-drained  areas,  particularly  along  the 
banks  of  the  streams  and  on  the  lower  slopes  of  the  hills.  Along 
the  larger  valleys  the  timber  reaches  farther  south  into  the  moun- 
tains. Thus  in  the  Nenana  Valley  timber  extends  southward  beyond 
the  area  included  in  this  report  Savage  River  has  spruce  as  far 
south  as  the  head  of  its  upper  canyon.  The  valleys  of  Sanctuary 
River  and  the  Teklanika  have  some  timber  vitbin  10  or  15  mile^  of 
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their  heads,  and  Tokiat  River  and  its  East  Fork  have  trees  along  the 
lower  Sanks  of  the  mountains  equally  far  south.  Stony  Creek  is 
timbered  to  the  mouth  of  Boundary  Creek,  and  Moose  Creek  to  the 
mouth  of  Willow  Creek.  In  general,  timber  extends  up  the  valleys 
to  elevations  between  2,500  and  3,000  feet,  though  exceptionally 
stunted  spruce  trees  may  be  found  at  an  elevation  of  3,500  feet  or 
more.  In  practically , all  the  valleys  willow  bushes  of  sufficient  size 
to  furnish  tent  poles  and  firewood  may  be  found  above  the  last 
timber. 

Qrass  for  forage  is  generally  obtainable  in  all  parts  of  the  area 
where  timber  or  brush  for  camping  purposes  are  to  be  found.  A 
certain  variety  of  vetch  that  grows  on  the  stream  gravel  bars  is  also 
eagerly  eaten  by  horses  after  the  seed  pods  have  formed.  During 
the  summer,  therefore,  horses  will  do  well  if  allowed  sufficient  time 
for  grazing  and  unless  the  work  required  of  them  is  too  severe.  With 
the  advent  of  heavy  frosts  in  the  fall,  however,  the  vegetation  loses 
its  nutritive  qualities,  and  horses  must  be  supplied  with  hay  and 
grain  if  they  have  to  do  heavy  work.  In  other  parts  of  interior 
Alaska  where  climatic  conditions  appear  to  be  equally  severe  horses 
have  passed  the  winter  successfully  without  being  fed  or  cared  for 
in  any  way.  Although  the  experiment  has  not  been  tried  in  this 
area,  it  seems  likely  that  in  the  more  favorable  places  horses  would 
winter  if  they  were  turned  out  in  good  condition. 


The  north  side  of  the  Alaska  Range  west  of  Kenana  River  is 
remarkable  for  the  abundance  and  variety  of  its  big  game.  Probably 
no  other  area  in  Alaska  is  so  well  stocked  with  sheep,  caribou,  and 
moose.  The  white  mountain  sheep  are  confined  to  the  main  range 
and  the  more  rugged  foothills,  but  within  their  chosen  area  they  may 
be  seen  daily  in  large  bands.  Caribou  are  present  both  in  the  moun- 
tains and  in  the  foothills.  East  of  the  Tokiat  basin  a  few  were  seen, 
but  in  the  valley  of  the  main  Tokiat  and  westward  to  Muldrow 
Glacier  they  were  especially  abundant,  in  herds  some  of  which  con- 
tained hundreds  of  individuals.  Moose  are  present  in  all  the  tim- 
bered areas,  and  their  range  thus  lies  north  of  the  principal  feeding 
grounds  of  the  sheep  and  caribou.  Black  bears  are  also  distributed 
throughout  the  timbered  districts,  and  grizzly  bears  range  the  area 
above  timber  line.  Rabbits  and  ptarmigan  are  abimdant  in  some 
years,  but  few  were  seen  during  the  summer  of  1916.  A  considerable 
number  of  fur-bearing  animals,  notably  fox,  lynx,  mink,  and  marten, 
are  captured  each  winter.  Beaver  are  especially  numerous  in  the 
lowlands. 

10S210*— 18— BuU.  e 
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There  are  no  settlements  of  natives  in  the  region  here  considered. 
The  Indians  of  interior  Alaska  depend  upon  fish  for  the  main  item 
of  diet,  both  for  themselves  and  for  their  dogs,  and  consequently  have 
their  permanent  villages  at  places  where  they  can  most  easily  obtain 
fish.  The  principal  native  settlements  nearest  this  area  are  a  large 
village  on-  Tanana  Kiver  about  a  mile  above  the  mouth  of  Nenana 
Biver;  another  at  Tanana,  on  Yukon  Biver;  a  small  settlement  on 
Lake  Minchumina;  and  another  at  Telida,  on  the  upper  Kuskokwim. 
Natives  from  these  villages  occasionally  journey  to  the  mountains  on 
trapping  or  hunting  trips,  but  as  they  are  able  to  kill  moose  in  the 
lowlands,  nearer  their  settlements,  they  spend  little  time  in  the  moun- 
tainous country. 

GENERAL  GEOLOGY. 

CHAKACTEB  OF  THE  KOCZS. 

The  rocks  of  the  Kantishna  region  range  from  highly  metamorphic 
mica  schists  and  gneisses,  through  less  altered  but  deformed  sediments 
of  Paleozoic  age,  to  the  slightly  indurated  Tertiary  coal-bearing  beds 
and  to  the  unconsolidated  terrace  gravels  and  the  deposits  of  present 
streams.  Interspersed  vrith  these  materials  are  igneous  rocks  of 
various  ages  and  of  all  degrees  of  alteration  and  metamorphism.  Ex- 
cept in  the  outermost  belt  of  fooUiiUs  the  rocks  on  the  north  flank  of 
the  Alaska  Range  are  dominantly  of  sedimentary  origin,  although,  as 
may  be  seen  from  the  sketch  map  (PI.  XV),  couEdderable  areas  are 
occupied  by  intrusive  materials  and  lavas.  Hasty  reconnaissance 
trips  to  the  heads  of  several  valleys  have  shown  that  sediments  pre- 
dominate to  the  crest  of  the  range. 

The  distribution  of  the  rock  formations  as  shown  on  the  map  has 
been  determined  only  by  hurried  reconnaissance  surveys,  in  which  a 
wide  scope  of  country  was  visited  in  a  short  summer  field  season. 
It  has  therefore  been  possible  to  subdivide  and  outline  the  several 
units  in  only  an  approximate  manner.  Time  was  not  available  to  fol- 
low out  all  the  formational  boundaries,  and  when  the  geologic 
field  work  was  done  no  topographic  map  was  available,  so  that  it 
was  necessary  later  to  adjust  the  geologic  boundaries  to  the  finished 
map  in  the  office.  Furthermore,  most  of  the  rock  formations  here 
described  have  so  far  failed  to  yield  fossils  in  this  district,  and  their 
age  determination  is  therefore  dependent  upon  their  correlation  with 
similar  beds  in  other  localities,  or  upon  their  relations  to  other  forma- 
tions whose  age  has  been  established.  The  age  to  which  some  of  these 
formations  are  assigned  may  therefore  he  changed  in  the  future, 
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when  fossilfi  are  discovered  or  when  the  stratigraphic  succession  is 
more  fully  worked  out.  Under  these  circumstances  it  is  inevitable 
that  the  outlines  of  the  formations  as  shown  will  be  found  to  be  some- 
what in  error  upon  critical  examination  in  the  field.  Nevertheless, 
the  map  is  believed  to  represent  with  a  fair  degree  of  accuracy  the 
general  outlines  of  the  formations  represented,  and  to  furnish  at 
least  a  guide  for  the  later  worker  who  has  time  and  facilities  for 
more  refined  mapping. 

STKirCTUUE. 

The  prevailing  structural  trend  of  the  region  is  east-northeast, 
parallel  to  the  axis  of  the  Alaska  Range,  and  has  been  determined 
by  movements  similar  to  those  which  brought  the  present  range  into 
existence.  The  uplift  of  the  present  mountain  mass,  however,  did 
not  produce  all  the  metamorphism  which  some  of  the  rocks  have 
imdergone,  for  that  uplift  tookplaceinpost-Mesozoictime,  and  before 
it  began  some  of  the  rocks  here  represented,  notably  the  Birch  Creek 
schist  and  the  associated  gneisses,  had  been  severely  metamorphosed 
by  forces  applied  in  the  same  direction  as  those  that  forced  up  the 
present  mountains.  The  Alaska  Bange  was  therefore  formed  along 
a  zone  of  weakness  that  had  previously  yielded  to  stress.  In  its 
uplift  the  beds  were  both  folded  and  faulted,  and  both  of  these 
processes  were  operative  in  developing  the  main  range  and  the 
parallel  ranges  of  foothills,  with  the  broad  basins  between  them. 

SEDIMEHTABT  AND  HETAMOBFHIC  BOCKS. 

Birch  Creek  scMat. — The  oldest  rock  formation  that  occurs  in  this 
area  is  the  Birch  Creek  schist,  which  forms  an  outlying  ridge  of 
mountains  extending  from  Nenana  Eiver  westward  to  Stony  Creek 
and  west  of  that  stream  expands  to  include  most  of  the  Kantishna 
Hills.  West  of  the  Kantishna  district  the  outline  of  the  schist  area 
is  not  well  known,  but  to  the  east  it  extends  beyond  Delta  Biver  and 
forms  a  prominent  element  of  the  Alaska  Bange  there.  The  ma- 
terial of  the  Birch  Creek  schist  consists  for  the  most  part  of  highly 
contorted  and  fissile  mica  and  quartzite  schists  and  phyllites  and 
includes  gametiferous  and  carbonaceous  schists.  These  rocks  are 
believed  to  represent  metamorphosed  sediments.  In  general  they 
may  be  readily  recognized  by  their  thin,  flaky  cleavage  and  the 
abundance  of  mica,  which  gives  them  a  greenish  to  silvery  appear- 
ance. These  rocks  are  of  especial  economic  importance,  for  they 
are  in  places  cut  by  gold,  silver,  lead,  and  antimony  bearing  quartz 
veins,  and  all  the  workable  gold  placer  gravels  so  far  found  have 
been  derived  from  this  schist  series. 
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The  age  of  these  rocks  is  uncertain.  From  their  general  ap- 
pearance and  character  they  have  been  correlated  with  the  Birch 
Creek  schist  of  the  Yukon-Tanana  area,  which  is  believed  to  be  pre- 
Ordovician. 

Taiina  aroup. — The  Birch  Creek  rocks  are  bordered  on  the  south 
by  a  narrow  belt  of  the  Tonzona  group,  south  of  which,  in  another 
narrow  belt  parallel  to  the  schist,  is  a  series  of  beds  composed  pre- 
dominantly of  black  slates  and  argillites,  massive  graywackes,  and 
some  interbedded  limestone  and  chert,  all  more  or  less  intricately 
folded  and  metamorphosed.  Brooks  classified  these  rocks  with  his 
Tatina  group,  which  he  regards  as  partly  Ordovician  and  possibly 
in  part  Silurian.  No  fossils  were  found  in  these  rocks  between 
Nenana  Biver  and  Muldrow  Glacier,  and  no  positive  additional 
evidence  of  their  age  was  procured.  From  purely  stratigraphio 
grounds,  however,  there  seems  to  be  a  possibility  that  the  beds  in 
this  area  are  younger  than  the  Tonzona  group.  Their  position  with 
relation  to  the  Tonzona  is  what  would  be  expected  if  they  overlay 
it,  and  they  are  directly  overlain  by  the  Cantwell  formation,  of 
Mesozoic  (Tertiary)  age.  Faulting  has  been  so  severe  in  this  region, 
however,  that  the  normal  relations  are  difficult  to  ascertain,  and 
these  beds  are  therefore  left  in  the  position  in  the  stratigraphio 
column  where  they  were  placed  by  Brooks. 

Totatlanika  Bchiat. — A  series  of  quartz -feldspar  schists  and 
gneisses  younger  than  the  Tatina  group  form  the  northernmost 
range  of  foothills  and  extend  from  a  point  east  of  Nenana  River 
westward  across  the  Toklat  basin  and  include  the  northeast  end  of 
the  Kantishna  Hills,  in  the  vicinity  of  Chitsia  Mountain.  These 
rocks,  which  have  been  called  the  Totatlanika  schist,  are  character- 
ized by  the  presence  of  porphyritic  schist  or  augen  gneiss,  containing 
phenocrysts  of  feldspar  and  quartz  and  believed  to  have  been  formed 
by  the  mctamorphism  of  rhyolite  or  rhyolite  porphyry.  Associated 
with  the  porphyritic  schist  are  finer-grained  schists  and  some  car- 
bonaceous slaty  schists  and  in  the  vicinity  of  Chitsia  Mountain  some 
sandy  limestones  that  are  of  sedimentary  origin.  Time  was  not 
available  for  separating  the  igneous  from  the  sedimentary  material 
in  the  outer  range  of  foothills,  and  they  have  been  outlined  together 
on  the  map  with  a  single  pattern.  The  whole  series  has  been  severely 
metamorphosed  and  plicated.  As  no  fossils  were  found  in  this  area 
there  is  no  definite  evidence  of  the  age  of  these  rocks.  East  of 
Nenana  River  they  overlie  the  Birch  Creek  schist,  of  pre-Ordovician 
age.  Brooks'  has  correlated  the  sedimentary  phases  with  his  Ton- 
zona group,  which  he  regards  as  of  Devonian  or  Silurian  age. 

iBrooka,  A.  H.,  Tbe  Hoont  UcKlniey  region,  Alaska:  U.  S.  Oeol.  Sorrcr  Prot  Papar 
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Tonaona  group. — Along  the  south  border  of  the  Birch  Creek 
schist,  between  Teklanika  Eiver  and  Stony  Fork  of  Tokiat  Kiver, 
there  is  a  narrow  belt  of  black  slates  and  argillites,  with  some  phyl- 
lites  and  schists,  that  lie  upon  the  Birch  Creek  schist.  In  many  ways 
these  rocks  resemble  some  of  the  sedimaitary  materials  included 
with  the  Totatlanika  schist,  but  they  are  comparatively  free  from 
material  of  igneous  origin.  Brooks  ^  has  included  theae  rocks  with 
his  Tonzona  group,  which  on  the  basis  of  its  stratigraphic  relations 
he  considers  to  be  of  Dev<mian  or  Silurian  age.  As  no  further  defi- 
nite evidence  on  their  age  was  obtained  they  are  therefore  here 
classified  as  Devonian  or  Silurian. 

Cantwell  formation. — Associated  with  the  beds  of  the  Tatina 
group  and  overlying  them  unconformably  is  a  thick  series  of  sedi- 
ments, the  Cantwell  formation,  composed  of  conglomerate,  coarse 
sandstone,  and  shale.  These  beds  have  a  thickness  of  several  thou- 
sand feet  and  form  a  prominent  element  of  the  north  flank  of  the 
Alaska  Bange.  From  plant  remains  found  in  them  and  by  corre- 
lation with  other  plant-bearing  beds  east  of  Nenana  Eiver  these 
sediments  are  classified  as  of  Kenai  or  early  Tertiary  (Eocene)  age. 
The  beds  are  generally  uptilted,  folded,  and  faulted  and  locally  are 
cut  by  intrusive  rocks  and  interbedded  with  lava  flows. 

CoaL-hearing  Tertiary  beds. — ^The  Cantwell  beds  are  succeeded  by 
the  coal-bearing  Tertiary  deposits  that  are  so  abundantly  repre- 
sented just  east  of  this  area,  in  the  N^enana  coal  field.  These  beds 
are  generally  little  consolidated  and  consist  of  sands  and  clays, 
with  lignite  interbedded  locally.  They  occupy  small  areas  in  the 
valleys  of  the  higher  mountains  and  larger  areas  in  the  open  basins 
between  the  foothill  ranges.  In  the  basin  of  Teklanika  River  con- 
siderable areas  are  occupied  by  the  coal-bearing  sediments,  although 
the  surface  exposures  are  small  because  of  a  widespread  covering  of 
younger  gravels.  There  can  be  no  doubt  that  in  that  basin,  at  least, 
there  is  a  large  amount  of  workable  lignite,  and  scattered  outcrops 
of  the  same  formation  occur  as  far  westward  as  the  Kantishna  rain- 
ing district,  indicating  that  there  may  be  large  bodies  of  coal  that 
are  for  the  most  part  concealed  by  the  gravel  covering. 

The  age  of  the  coal-bearing  beds  is  not  positively  known,  for  the 
fossil  evidence  seems  to  disagree  to  some  extent  with  the  strati- 
graphic  evidence.  Heretofore  the  coal-bearing  materials  of  the 
Nenana  coal  field  have  been  considered  to  be,  at  least  in  part,  of 
Eocene  age.  Fossil  plants  collected  from  the  Cantwell  formation 
east  of  Nenana  Eiver  by  Moffit  *  have  been  definitely  determined  as 

'Brooks,  A.  H„  op.  clt..  p.  76. 

•  Mofflt,  P.  H.,  The  Boarfl  Pmb  region,  Alaska :  U.  B.  QeoL  Suite;  BoU.  608,  pp.  48-49, 
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Ek>ceiie.  Collections  made  from  this  same  f ormatioD  by  Brooks '  in 
the  Toklat  basin  and  b;  the  writer  in  the  Tekhinika  basin  have  also 
been  determined  to  he  Eocene.  The  stratigraphic  evidence,  how- 
ever, seems  to  show  rather  conclusively  that  the  Cantwell  beds  are 
considerably  older  than  some  of  the  coal-bearing  beds.  In  the  ab- 
sence of  definite  paleontologic  evidence  the  coal-bearing  materials 
are  here  assigned  to  the  Tertiary  but  are  believed  to  be  younger  than 
the  Cantwell. 

N&nana,  gravel. — In  the  basins  of  Nenana  and  Teklanika  rivers 
and  of  East  Fork  of  Toklat  River  there  are  certain  thick  gravel 
deposits,  known  as  the  Nenana  gravel,  that  overlie  the  Tertiary  coal- 
bearing  sediments  and  have  been  faulted  and  tilted  with  them. 
These  gravels  reach  a  maximum  thickness  of  at  least  a  thousand 
feet,  are  deeply  oxidized,  and  in  general  are  conformable  with  the 
underlying  coal-bearing  sediments.  They  are  believed  to  be  of 
Tertiary  age. 

Unconsolidated  deposits. — Among  the  unconsolidated  and  unde- 
formed  deposits  of  the  region  are  the  glacial  moraine  deposdts,  the 
bench  and  terrace  gravels,  which  are  in  part  composed  of  glacial 
outwash  material,  and  the  deposits  of  the  present  stream  flats.  The 
only  morainal  materials  in  this  area  were  left  by  the  ice  during  the 
last  stage  of  glaciation  and  are  confined  to  the  mountainous  portions 
of  the  area.  At  a  few  places  distinguishable  tenninal  moraines  are 
present,  but  in  general  the  glacial  materials  form  only  a  thin  cover- 
ing over  the  mountain  flanks.  The  bench  and  terrace  gravels  are  of 
wide  extent  in  the  lowlands  between  the  foothill  ranges  and  in  the 
Tanana  lowland.  They  consist  of  materials  derived  from  a  number 
of  sources — outwash  materials  from  the  ancient  glaciers,  reworked 
gravels  from  the  Tertiary  formations,  and  deposits  laid  down  by  the 
present  streams  before  the  flood  plains  now  occupied  were  estab- 
lished. The  gravels  included  in  this  classification  are  all  related  to 
the  present  topography  of  the  region  and  retain  the  attitude  in  which 
(hey  were  laid  down.     They  are  of  Pleistocene  and  Recent  age. 

The  gravels  along  the  flood  plains  of  the  present  streams,  although 
composed  in  part  of  outwash  from  the  existing  glaciers,  represent  the 
last  stage  of  geologic  activity  and,  with  the  accumulations  of  rock 
debris  on  the  mountain  slopes  and  of  soils  and  vegetable  humus  on 
the  gentler  slopes,  are  the  product  of  present-day  geologic  process. 

IGNEOUS  BOCKS. 

Igneous  rocks  of  various  types  and  of  different  ages  are  present 
throughout  the  Kantishna  region.  They  include  certain  greenstones 
that  are  included  in  and  are  deformed  with  the  Birch  Creek  schist; 
the  Totatlanika  gneisses  are  in  large  part  of  igneous  origin;  beds  of 


■BriKikR,  A.  B.,  op.  clt.,  p.  82. 
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greenstone  underlie  the  Cantwell  in  places;  and  both  the  Cantwell 
and  the  Tertiary  coal-bearing  beds  are  cut  by  intrusives  and  contain 
interbedded  lava  flows.  Dike  rocks  of  granitic  material  cut  the 
schists  in  the  Kantishna  Hills,  and  large  masses  of  gramtic  rock  are 
known  to  be  present  in  the  Alaska  Kange  north  of  the  area  here 
described. 

ECONOMIC   GEOLOGY. 

EISTOBT  OP  XTSma. 

The  basin  of  Tanana  Kiver  assumed  importance  as  a  placer-mining 
region  on  the  discovery  of  rich  placer  gravels  in  the  Fairbanks 
district.  As  a  consequence  of  that  discovery  a  great  stampede  to  the 
Tanana  Valley  took  place  in  1903  and  1904.  Most  of  the  gold  seekers 
went  to  the  new  town  of  Fairbanks  or  to  the  creeks  in  that  vicinity, 
but  a  few  penetrated  to  the  north  slope  of  the  Alaska  Range  and  car- 
ried on  the  search  for  gold  there.  The  discovery  of  gold  in  the 
Kantishna  district  was  an  indirect  result  of  the  Fairbanks  rush.  In 
1904  Joe  Dalton  and  his  partner  Reagan  prospected  in  the  basin  of 
Toklat  River  and  after  having  found  encouraging  amounts  of  gold 
returned  to  Fairbanits  that  fall.  The  next  spring  Dalton  and  another 
partner  named  Stiles  returned  to  the  Toklat  and  prospected  on 
Crooked  Creek,  a  tributary  heading  in  the  Kantishna  Hills  16  miles 
northwest  of  Mount  Chitsia.  In  the  summer  of  1905  two  other  pros- 
pectors, Joe  Quigley  and  his  partner  Jack  Horn,  had  been  told  by 
some  trappers  that  there  was  gold  in  Glacier  Creek,  and  they  came 
in  to  investigate.  They  found  gold  in  paying  quantities,  staked  the 
creek,  and  in  June  of  that  year  carried  the  news  of  their  discovery 
to  Fairbanks,  and  so  started  the  Kantishna  stampede.  The  stam- 
peders  began  to  arrive  at  Glacier  Creek  about  July  15j  1905.  Mean- 
while Dalton  and  Stiles,  who  had  heard  nothing  of  the  Quigley-Hom 
discovery,  had  followed  the  southeast  side  of  the  Kantishna  Hills 
and  arrived  at  Friday  Creek,  They  found  gold  there  and  on  July 
12  staked  that  stream.  On  July  20  they  staked  Discovery  claim  on 
Eureka  Creek,  but  thinking  themselves  entirely  alone  in  ths  country 
they  staked  only  the  one  claim,  having  determined  to  prospect  the 
upper  portion  of  the  stream.  They  went  up  Eureka  Creek  and  on 
their  way  back  met  a  man  named  Cook,  who  had  come  in  with  the 
stampede  and  had  made  his  way  up  Moose  Creek  to  the  mouth  of 
Eureka  Creek.  Cook  said  he  had  staked  claims  Nos.  1  to  4  on  Eureka, 
so  Dalton  and  Stiles  returned  and  staked  the  rest  of  the  creek  above 
claim  No.  4. 

During  the  later  part  of  the  summer  and  the  fall  of  1905  the 
Kantishna  district  was  the  scene  of  great  excitement.  Several  thou- 
sand persons  arrived,  most  of  them  by  boat  up  Kantishna  River  and 
its  tributaries,  Bearpaw  and  McKinley  rivers,  during  the  season 
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of  open  water,  and  bj  dog  sled  later  in  the  fall  after  snow  had  fallen. 
Practically  every  creek  that  heads  in  the  Kantishna  Hills  was  staked 
from  end  to  end,  and  the  benches  and  intervening  ridges  were  not 
ignored.  Within  a  few  weeks  a  number  of  towns  were  established, 
the  largest  of  which  were  Glacier,  on  Bearpaw  River  at  the  mouth 
of  Glacier  Creek;  Diamond,  at  the  mouth  of  Moose  Creek;  and 
Roosevelt  and  Square  Deal,  on  McKinley  River.  At  each  of  these 
places  dozens  of  log  cabins,  stores,  hotels,  and  saloons  were  erected, 
and  between  them  and  the  creeks  a  constant  stream  of  gold  seekers 
traveled  back  and  forth.  By  midwinter,  however,  it  became  gener- 
ally known  that  rich  shallow  diggings,  the  eternal  hope  of  the  pros- 
pector, were  restricted  to  a  few  diort  creeks,  and  the  exodus  began. 
In  the  summer  of  1906  vigorous  mining  was  done  On  the  richest 
ground,  but  by  fall  the  population  had  dwindled  to  about  50,  those 
who  remained  being  the  few  who  had  obtained  paying  claims  or  who 
were  convinced  that  thorough  prospecting  held  out  sufficient  promise 
of  new  discoveries. 

The  winter  of  1906  saw  the  nearly  complete  desertion  of  the  towns 
of  Roosevelt,  Square  Deal,  and  Diamond.  Glacier,  being  nearest  to 
the  creeks,  was  and  still  is  used  as  winter  quarters  by  a  number  of 
miners  who  prefer  to  spend  the  cold  months  in  the  sJielter  of  the  tim- 
ber and  near  their  fuel  supply  rather  than  haul  wood  to  their  summer 
camps. 

Since  1906  the  population  of  the  Eantishna  district  has  remained 
nearly  stationary  at  30  to  50  persons.  In  1916  there  were  35  persons 
in  the  district,  and  of  this  number  over  half  were  men  who  had  staked 
claims  during  the  first  stampede  and  had  worked  them  more  or  less 
continuously  since  that  time.  It  was  placer  gold  that  first  attracted 
attention  to  this  camp,  and  the  only  gold  so  far  produced  has  come 
from  the  placer  gravels.  In  recent  years,  however,  c<msiderable 
attention  has  been  given  to  prospecting  for  lode  deposits.  Veins 
carrying  gold  and  silver  and  the  sulphides  of  lead^  zinc,  and  anti- 
mony occur  in  the  district,  and  a  large  number  of  lode  claims  are 
now  held.  No  lode  mine  has  yet  been  developed  to  a  producing 
basis,  but  there  is  good  reason  to  believe  that  eventually  the  lodea 
may  outstrip  the  placers  in  the  value  of  their  metal  yield. 

QCLD  FI.ACEBS. 

GENERAL  FEATURES. 

The  productive  gold  placer  deposits  of  the  Kantishna  district  all 
occur  in  the  basins  of  the  streams  that  head  in  the  Kantishna  Hills 
and  radiate  in  all  directions  from  the  higher  peaka  The  so-called 
Kantishna  Hilla  are  actually  rugged  mountains  of  considerable  size 
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and  are  known  as  hills  only  because  of  their  nearness  to  the  tower- 
ing peaks  of  the  Alaska  Range.  As  each  stream  basin  is  separated 
by  high  dividing  ridges  from  its  neighbors  and  direct  travel  from 
one  basin  to  another  is  difficult,  the  routes  generally  used  follow 
the  bases  of  the  higher  mountains,  and  the  placer  workings  are 
therefore  much  farther  apart,  by  trail,  than  their  close  spacing  on  the 
map  would  indicate.  These  conditions  have  resulted  in  the  develop- 
ment of  a  number  of  Eanall  and  rather  isolated  mining  camps  be- 
tween which  there  is  little  travel  during  the  busy  summer  season. 
Paying  deposits  of  gold  placer  gravel  were  found  in  1905  and  1906 
on  all  the  streams  that  are  now  productive  except  Little  Moose 
Creek,  and  although  considerable  prospecting  has  been  done  in  the 
last  10  years  only  a  small  amount  of  workable  ground  has  been 
discovered  since  the  early  years  of  this  camp.  This  may  be  due  in 
part  to  the  fact  that  only  the  richest  claims  can  now  be  worked  at 
a  profit,  but  most  of  the  men  in  the  district  own  ground  from 
which  they  are  confident  they  can  make  a  living,  and  the  summer  is 
employed  in  mining  the  proved  ground  rather  than  in  prospecting 
in  areas  of  less  certain  value. 

The  streams  that  have  added  to  the  gold  production  of  the  dis- 
trict are  Moose  Creek  and  its  tributaries,  Glen,  Eureka,  Friday,  and 
Eldorado  creeks;  Glacier  and  Caribou  creeks,  tributaries  of  Bear- 
paw  River;  and  Little  Moose  Creek,  which  flows  into  Clearwater 
Fork  of  Toklat  River. 

MINING  CONOrnONH. 

All  the  placer  mining  that  has  so  far  been  done  in  the  Kantishna 
district  has  been  open-cut  mining,  the  method  commonly  employed 
being  to  groundsluice  off  the  upper  part  of  the  gravel  within  a  foot 
or  so  of  bedrock  and  shovel  the  remaining  gravel  and  the  necessary 
amount  of  bedrock  into  the  sluice  boxes  by  hand.  Most  of  the 
miners  plan  to  complete  the  season's  groimdsluicing  early  in  the 
spring,  during  the  period  of  greatest  stream  flow,  but  a  few  have 
built  automatic  dams  and  are  thus  enabled,  by  alternately  storing 
the  water  and  then  releasing  a  large  volume  for  a  short  period,  to 
groundsluice  even  in  times  of  low  water.  The  whole  operation  of 
open-cut  placer  mining  is,  however,  definitely  limited  to  the  period 
of  stream  flow.  In  this  district  nearly  all  the  placer  mines  lie  above 
timber  line,  at  altitudes  of  1,600  to  3,000  feet.  At  such  altitudes  the 
streams  do  not  commonly  run  free  from  ice  until  sometime  in  May 
and  freeze  again  late  in  September,  and  the  mining  season  is  there- 
fore limited  to  about  four  months.  Late  in  the  summer,  too,  some  of 
the  smaller  streams  diminish  so  much  in  volume  that  sufficient 
water  for  sluicing  is  lacking,  and  the  mining  season  is  thus  restricted 
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still  further.  The  experienced  miners  in  this  camp  coimt  upon  a 
working  season  of  100  to  120  days. 

Most  of  the  gravel  deposits  along  the  streams  are  In  thawed 
ground,  and  the  miners  in  general  encounter  little  difficulty  with 
ground  frost.  Certain  of  the  elevated  benches,  however,  in  which 
gold  in  commercial  quantities  is  known  to  occur,  are  permanently 
frozen,  and  before  the  gravels  can  be  sluiced  they  must  be  thawed, 
either  by  the  use  of  steam  or  by  stripping  away  the  insulating 
cover  of  surface  vegetation  and  muck  to  make  the  gravels  accessi- 
ble to  the  warm  air  and  the  direct  rays  of  the  sun. 

The  remoteness  of  this  mining  camp  from  established  lines  of 
transportation  has  resulted  in  greatly  increasing  mining  costs.  Little 
labor  is  employed  at  stipulated  wages,  for  most  of  the  claims  are 
worked  by  the  owners  or  on  a  royalty  basis,  but  for  such  labor  as  is 
employed  the  prevailing  wages  are  $6  a  day  and  board  for  a  10-hour 
day,  or  $1  an  hour  without  board.  Even  at  such  wages,  however,  it 
is  difficult  to  obtain  labor,  for  there  is  no  means  of  ready  conununi- 
cation  with  any  settlement,  and  the  men  in  the  camp  at  any  one 
time  include  only  those  who  remained  from  the  preceding  year  and 
those  who  come  in  over  the  ice  in  the  winter  or  by  boat  in  the  spring. 

The  necessary  supplies  and  mining  equipment  for  the  season's  op- 
erations are  brought  to  the  district  by  the  operators,  either  by 
launch  to  Diamond  and  thence  by  sled  to  the  mines  or  by  sled  all 
the  way  from  Fairbanks  during  the  winter.  The  quantity  and  as- 
sortment of  his  supplies  must  therefore  be  determined  by  each 
miner  several  months  in  advance  of  the  working  season,  and  he  has 
to  invest  a  considerable  amount  of  capital  for  an  unusually  long 
period.  No  store  is  maintained  in  the  district,  and  whatever  sup- 
plies a  man  unexpectedly  finds  he  needs  during  the  summer  he 
must  procure  from  his  neighbors  or  do  without.  As  a  result  of  the 
difficulty  and  expense  of  landing  freight  at  the  mines  and  the  long 
time  involved  in  procuring  equipment,  only  the  most  primitive 
methods  of  mining  have  been  employed.  All  the  gold  so  far  re- 
covered has  been  taken  out  by  pick  and  shovel. 

With  the  exception  of  the  mining  claung  on  Moose  Creek,  all  the 
placer  ground  mined  in  1916  lies  above  timber  line,  and  wood  for 
fuel  as  well  as  lumber  for  mining  purposes  must  be  brought  from  a 
distance. 

This  distance  varies  on  the  different  creeks.  On  Glen  Creek  timber 
grows  within  1  to  3  miles  of  the  mines.  Eureka  and  Friday  creeks 
are  devoid  of  timber,  which  must  be  obtained  from  the  basin  of  Moose 
Creek,  1  to  6  miles  from  the  workings.  On  Glacier  Creek  no  timber 
is  obtainable  for  a  distance  of  8  miles  from  the  head  of  the  creek,  and 
the  length  of  haul  for  the  uppermost  placer  claims  now  worked 
is  about  6  miles.     The  mine  on  Caribou   Creek   is    5    miles   from 
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timber  line,  and  that  on  Little  Moose  Creek  is  perhaps  2  miles  from 
the  nearest  trees  that  are  large  enough  to  supply  sluice-box  lumber. 
In  the  early  days  of  the  camp  sawmills  were  operated  to  furnish  lum- 
ber, but  these  were  soon  dismantled,  and  now  all  needed  lumber  must 
be  cut  by  whipsaw. 

OBISDl  or  6012)  PIACEBS. 

As  is  shown  in  Plate  XV,  the  entire  Kantishna  mining  district  lies 
in  an  area  in  which  the  underlying  rock  is  the  Birch  Creek  schist,  cut 
by  relatively  small  bodies  of  intrusive  rocks.  The  intrusive  rocks  are 
of  a  wide  range  in  age.  Some  appear  to  have  suffered  as  severe 
metamorphism  as  the  schists  that  inclose  them.  Other  bodies  of  in- 
trusive material  are  somewhat  metamorphosed,  but  less  so  than  the 
schists  and  were  intruded  after  metamorphism  was  started,  but  be- 
fore it  was  completed.  Still  other  intrusive  bodies  are  not  at  all  folded 
and  were  injected  after  the  schists  had  reached  their  present  condi- 
tion. Among  these  youngest  intrusives  are  some  dikes  and  stocks  of 
granite  porphyry  and  quai-tz  porphyry  that  may  be  genetically  re- 
lated to  the  mineralized  quartz  veins.  The  schists  are  in  places 
hi^ly  siliceous  and  include  beds  of  quartzite  schist.  Throughout  the 
area  in  which  it  occurs  the  Birch  Creek  schist  contains  numerous 
quartz  veins  and  veinlets,  distributed  through  the  entire  rock  mEiss. 
Giash  veinlets  and  lenticular  bodies  of  quartz,  lying  parallel  to  the 
achistosity,  are  particularly  abundant,  but  as  a  rule  quartz  veins  of 
this  character  are  not  regular  or  continuous  for  long  distances  but 
pinch  and  sweH  abruptly.  Tiny  reticulating  veinlets  of  quartz  cut- 
ting the  schist  in  all  directions  are  also  common.  Many  quartz  veins 
of  this  type  have  been  twisted  and  metamorphosed  with  the  inclosing 
schist.  In  the  area,  of  the  Kantishna  Hills,  especially  along  the  main 
divide  and  from  the  heads  of  Caribou  and  Myrtle  creeks  westward 
to  the  basin  of  Moose  Creek,  there  are  many  large  quartz  veins  that 
cut  across  the  cleavage  planes  of  the  schist,  stand  at  steep  angles,  and 
maintain  their  strike,  dip,  and  thickness  for  considerable  distances 
along  the  outcrops.  These  veins  are,  in  general,  younger  than  the 
gash  veins  that  follow  the  schistosity  and  are  true  veins,  of  more  re- 
cent age  than  the  last  period  of  vigorous  metamorphism.  Several 
quartz  veins  of  this  type  have  been  found  to  contain  visible  free  gold 
in  encouraging  quantities,  and  mortar  tests  show  that  native  gold  is 
rather  widely  distributed  in  these  veins.  Furthermore,  the  largest 
and  most  continuous  gold-bearing  quartz  veins  that  have  been  found 
are  in  the  basins  of  those  streams  whose  placers  have  yielded  the 
most  gold-  This  seems  to  be  conclusive  proof  that  the  gold  of  the 
placer  gravels  was  derived,  at  least  in  large  part,  by  the  erosion  of 
the  larger  quartz  veins  that  cut  the  schists.    The  gash  veins  and 
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veinlets  of  quartz  in  the  schists  may  also  have  added  their  coDtribu- 
tion  of  gold  to  the  stream  placers,  and  the  presence  of  placer  gold  in 
greater  or  less  amount  in  almost  all  the  streams  that  flow  through 
the  schists  indicates  that  some  of  these  veins  are  gold  bearing,  but  the 
richest  placer  gravels  have  been  found  in  basins  in  which  the  larger 
veins  occur. 

The  local  origin  of  the  placer  gold  is  also  confirmed  by  the  appear- 
ance of  the  gold  itself.  In  Friday  and  Eureka  creeks,  immediately 
below  the  outcrops  of  some  large  quartz  veins,  the  placer  gold  is  sur- 
prisingly rough  and  angular.  Many  nuggets  show  the  unworn  crys- 
talline form  that  the  gold  had  as  it  lay  within  the  vein  quartz,  and 
few  nuggets  in  any  clean-up  show  any  appreciable  effects  of  attrition. 
To  anyone  familiar  with  the  usual  appearance  of  placer  gold  it  is 
immediately  evident  that  this  gold  is  recovered  at  no  great  distance 
from  the  outcrop  of  the  vein  in  which  it  originated.  Downstream, 
away  from  the  outcrops  of  gold-bearing  quartz,  the  placer  gold 
becomes  finer  and  more  smoothly  worn,  as  would  be  expected  if  the 
gold  has  been  derived  from  the  quartz  veins  and  has  been  trans- 
ported to  increasingly  greater  distances  from  its  bedrock  source. 

The  influence  of  giaciation  upon  the  distribution  of  gold  placer 
deposits  in  the  Kantisbna  region  has  differed  in  the  different  stream 
basins,  and  although  the  glaciers  have  doubtless  played  their  part 
in  the  eroraonal  history  of  the  district,  the  ice  was  much  less  abun- 
dant here  than  in  the  higher  mountains  of  the  Alaska  Range.  It  has 
now  been  established  that  there  have  been  at  least  two  epochs  of 
giaciation  on  the  north  side  of  the  Alaska  Eange,  ojie  mudb  earlier 
than  the  other,  the  evidence  of  which  is  better  preserved.  It  is 
difficult  in  certain  places  to  determine  the  limits  reached  by  the  sepa- 
rate ice  sheets,  for  evidences  of  the  earlier  giaciation  can  easily  he 
mistaken  for  those  of  the  later,  and  a  proper  discrimination  of  the 
data  can  be  made  only  after  more  detailed  field  work  has  been  done. 
Nevertheless,  it  is  certain  that  at  one  time  Muldrow  Glacier  was  much 
larger  than  it  is  now  and  that  it  overflowed  the  northern  border  of 
its  present  basin  and  spread  northward  across  the  upper  basin  of 
Moose  Creek,  to  lie  against  the  south  flank  of  the  Kantishna  Hills. 
One  tongue  from  this  ice  lobe  flowed  northward  into  Clearwater 
Fork  of  Toklat  River,  another  down  Moose  Creek  past  Eureka  and 
Eldorado  creeks,  and  still  another  westward  along  the  present  course 
of  McKinley  River.  The  highest  ridges  of  the  Kantishna  Hills  were 
never  overridden  by  ice,  but  the  higher  and  more  favorably  situated 
valleys  in  them  supported  small  ice  tongues,  which  extended  radially 
from  the  crest  in  all  directions  but  which  never  attained  sufficient 
length  to  reach  beyond  the  confines  of  the  narrow  valleys.  Of  the 
gold-producing  streams  Glen,  Glacier,  and  Caribou  creeks  were 
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glaciated  in  their  upper  ends,  but  the  Eureka,  Friday,  and  Eldorado 
Creek  basins  were  not  high  enough  ever  to  have  originated  glaciers. 
Abundant  erratic  boulders  occur  throughout  the  basin  of  Moose 
Creek  above  Eureka  and  in  the  valleys  of  Eldorado  and  Eureka 
creeks  nearly  to  their  heads.  These  were  not  found  in  direct  assoda- 
tion  with  morainal  deposits,  but  they  indicate  that  at  some  time  the 
basin  of  Moose  Creek  was  filled  with  ice,  which  lay  high  against 
the  south  flank  of  the  Kantishna  Hills  and  which  left  the  boulders 
that  now  appear.  The  peculiar  courses  followed  by  lower  Spruce 
and  Glen  creeks  also  indicate  changes  of  drainage  due  to  glacial 
occupancy. 

To  just  what  extent  the  gold-producing  streams  were  once  occupied 
by  glaciers  and  their  preglacial  placer  deposits  removed  by  ice  erosion 
has  not  been  definitely  determined,  for  the  glacial  evidences  are 
inconspicuous  and  poorly  preserved.  It  can  be  stated,  however,  that 
in  those  portions  that  were  glaciated  the  erosion  of  the  ice  was 
sufficiently  severe  to  disturb  or  remove  the  greater  part  of  the  pre- 
existing gold  placer  deposits,  so  that  any  concentrated  deposits 
of  gold  that  are  now  present  are  due  to  the  erosion  of  streams  since 
the  ice  retreated.  Below  the  edges  of  the  glaciers  stream  erosion  was 
retarded  during  the  ice  advance,  for  the  waters  were  burdened  with 
an  unusually  large  supply  of  rock  waste,  and  this  they  deposited  as 
outwash  gravels  beyond  the  ice  edge.  The  streams  assorted  the  mate- 
rials of  the  outwash  gravels  to  some  extent,  but  much  less  than  is 
common  in  normal,  lightly  loaded  streams. 

With  the  final  shrinkage  and  disappearance  of  the  glaciers  from 
this  district  the  streams  commenced  their  task  of  readjusting  their 
valleys  to  conditions  of  normal  erosion.  Less  heavily  loaded  than 
when  they  were  receiving  glacial  waters,  they  began  to  intrench 
themselves  in  the  deposits  of  outwash  gravels,  which  now  appear  as 
high  benches  or  terraces  along  the  lower  streams,  especially  those 
on  the  north  side  of  the  Kantishna  Hills.  In  cutting  down  through 
these  gravels  the  streams  in  places  occupied  somewhat  different 
courses  from  those  along  which  they  had  formerly  flowed,  and  can- 
yons show  the  position  of  obstructions  encountered  in  the  downward 
cutting. 

Bench  or  terrace  gravels  along  Moose,  Glacier,  and  Caribou  creeks 
have  been  shown  to  contain  encouraging  amounts  of  placer  gold,  and 
in  one  or  two  places  the  gold  content  has  been  sufficient  to  warrant 
mining.  During  intrenchment  of  the  streams  through  these  gravels 
the  gold  they  contained,  as  well  as  that  supplied  by  the  erosion  of 
gold-bearing  quartz  veins,  was  deposited  in  Uie  stream  beds,  resulting 
in  the  present  workable  placers. 


DicMzedbyGoOglC 


MINERAL  OESOUBCES  OF  ALASKA,  191S. 


WHrra   QRAVEL8. 


Among  the  miners  in  this  district  a  misconception  prevails  regard- 
ing certain  white  quartz  gravels  that  occur  along  the  north  flank 
of  the  Kantishna  Hills.  These  gravels  have  been  noted  especially 
in  the  valley  of  Glacier  Creek,  near  the  point  where  the  schist  bed- 
rock plunges  downward  to  the  northw^  and  disappears  beneath 
the  deposits  of  unconsolidated  materials.  They  are  nowhere  con- 
spicuous on  the  surface  but  have  been  found  in  place  only  in  prospect 
holes,  although  gravels  of  this  type  have  been  noted  in  the  stream 
deposits  of  Glacier  Creek  below  the  point  where  the  schist  bedrock 
disappears.  The  most  complete  information  concerning  the  white 
gravels  was  procured  from  a  prospect  shaft  sunk  on  the  bench  west 
of  Glacier  Creek,  opposite  the  upper  end  of  claim  No.  13.  This 
shaft,  after  penetrating  a  few  feet  of  the  ordinary  bench  gravels, 
encountered  a  body  of  white  rounded  quartz  gravel  that  continued 
without  interruption  to  a  depth  of  114  feet,  at  which  the  sinking 
was  discontinued  without  reaching  bedrock.  Most  of  the  material 
on  the  dump  is  vein  quartz,  distinctly  rounded  and  waterwom, 
ranging  in  ^ze  from  fine  sand  to  pebbles  6  inches  in  diameter.  The 
resemblance  of  this  material  to  the  "  white  channel "  gravels  of  the 
Klondike  was  at  once  apparent  to  the  prospectors,  who  entertained 
high  hopes  of  finding  rich  gold  placer  deposits  in  it,  but  although 
some  fine  gold  was  panned  from  the  material  excavated,  no  paying 
concentration  of  gold  was  found.  A  study  of  the  geologic  relations 
on  Glacier  Creek  indicates  that  the  white  gravels  there  constitute 
the  base  of  the  Tertiary  coal-bearing  formation  that  is  so  fully 
developed  to  the  east  near  Nenana  River.  In  that  area  the  base  of 
the  Tertiary  beds,  which  lie  upon  the  Birch  Creek  schist,  is  com- 
monly made  up  of  a  nearly  pure  deposit  of  white  quartz  pebbles  and 
sand.  This  relation  continues  westward  across  the  basin  of  Teklanika 
Biver,  and,  no  doubt,  the  Glacier  Creek  white  gravels  are  of  similar 
origin.  The  gravels  are  believed  to  represent  the  detritus  from  an 
old  land  mass  which  had  been  deeply  weathered  and  from  which  the 
more  easily  decomposed  materials  had  been  removed,  leaving  abun- 
dant residual  quartz  scattered  over  its  surface.  A  period  of  more 
active  stream  erosion  followed,  and  this  quartz  was  removed,  rounded 
by  the  streams,  and  deposited  as  a  widespread  blanket  over  the  low- 
lands. It  was  brought  to  the  lowlands  by  many  small  streams  rather 
than  by  a  ^gle  large  one,  and  in  the  lowlands  that  were  aggraded 
by  the  gravel  deposit  there  was  little  tendency  to  concentrate  any 
gold  that  may  have  been  present  in  the  quartz.  Throughout  the 
area  in  which  they  have  been  studied  these  white  quarte  gravels 
contain  a  little  gold,  but  nowhere  have  concentrations  sufficiently 
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rich  for  placer  minuig  been  found.  At  the  Glacier  Creek  locality 
the  exposures  are  not  good,  but  so  far  as  known  the  white  gravels 
are  not  overlain  directly  by  the  coal-bearing  Tertiary  beds,  but  by 
a  thick  deposit  of  tilted  oxidized  gravels,  which  in  the  N'enana  dis- 
trict succeed  the  coal-bearing  beds.  This  means  either  that  the  coal- 
bearing  beds  were  removed  by  erosion  from  over  the  white  quartz 
gravels  before  the  later  yellowish  gravels  were  laid  down,  or  that  in 
this  place  coal-bearing  beds  were  never  developed  and  the  oxidized 
gravels  were  laid  down  directly  upon  the  'white  gravels.  The  white- 
gravel  deposit  on  Glacier  Creek  therefore  differs  in  mode  of  origin 
from  the  Klondike  "white  channel,"  itnd  being  probably  of  early 
Tertiary  age  it  is  apparently  much  older  than  the  gravels  of  the 
Klondike. 

SOIL  FLOWS. 

A  factor  that  has  exercised  a  notable  influence  upon  the  gold 
placer  deposits  in  many  valleys  is  the  large  volume  in  which  detrital 
material  from  the  valley  walls  moves  down  the  slopes  and  out  upon 
the  stream  gravel  deposits  and  the  rapidity  with  which  this  move- 
ment takes  place.  In  this  latitude  both  the  annual  and  the  dally 
range  of  temperature  are  great,  and  consequently  rocks  disintegrate 
rapidly,  especially  rocks  so  fissile  as  the  schists  that  form  the  bed- 
rock within  the  Kantishna  district.  The  disintegration  is  probably 
not  so  rapid  during  the  months  of  constant  low  temperatures  as  in 
the  spring  and  fall  when  the  temperature  crosses  the  freezing  point 
twice  daily.  The  mantle  of  rock  disintegration  products  soon  be- 
comes frozen,  for  in  the  higher  parts  of  this  area  the  ground  is  per- 
manently frozen  beneath  a  thin  covering  of  vegetation  and  soil.  The 
disintegrated  rock  is  soon  covered  by  mosses,  heather,  and  other 
plants  that  form  a  tough  mat.  Erosion  of  this  detrital  material  by 
streams  is  slow,  for  in  spite  of  steep  slopes  the  vegetal  covering  is 
tenacious,  and  the  ground  frost  greatly  retards  stream  cutting.  As 
a  result  of  these  factors  the  surface  mantle  of  detritus,  composed  of 
the  so-called  muck  of  decomposing  plant  remains,  soil,  and  rock 
fragments,  both  fine  and  coarse,  accumulates  to  a  thickness  of  several 
feet,  even  on  steep  slopes,  and  is  almost  immune  to  erosion  by  surface 
streams.  The  material  has,  however,  a  decided  tendency  to  creep 
bodily  down  the  slopes.  During  the  warm  summer  season  the  sur- 
face portion  becomes  thawed,  and  as  it  contains  large  amounts  of 
water  it  tends  to  move  downward  by  gravity.  In  most  places  this 
movement  is  slow,  for  the  feltlike  mat  of  vegetation  retards  it,  and 
the  surface  features  developed  have  the  appearance  of  broad,  fiat 
lobes,  such  as  would  be  formed  by  the  flow  of  a  very  viscous  mass 
on  a  steep  elope.    In  places,  however,  the  cover  of  vegetation  becomes 
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torn,  and  the  semifluid  mass  of  muck,  soil,  and  rock  fragments  flows 
rapidly  down  the  slope  to  the  valley.  In  some  recent  flows  of  this 
kind  that  were  examined  the  thickness  of  the  surface  material  that 
flowed  out  was  determined  by  the  depth  to  which  thawing  had  taken 
place  before  the  thawed  mass  broke  its  surface  covering  of  vegetation. 
Although  several  such  fresh  soil  flows  were  seen  and  the  old,  healed 
scars  of  great  numbers  of  similar  flows  were  recognized,  the  prevail- 
ing movement  of  detritus  is  by  stow,  scarcely  perceptible  creep. 

The  economic  bearing,  of  these  soil  movements  upon  the  placer 
deposits  of  the  district  is  to  be  observed  in  many  of  Uke  narrow 
valleys  where  mining  is  in  progress.  In  the  headward  portions  of 
the  streams  the  vaUeys  are  narrowly  V  shaped,  and  each  creek  has  a 
flood  plain  a  little  wider  than  the  stream  itself.  Mining  operations 
have  disclosed  the  fact  that  in  many  places  flows  of  detritus  con- 
taining muck,  soil,  and  coarse  talus  have  moved  down  the  valley 
sides  and  out  upon  the  stream  gravels  and  have  buried  the  pay 
streak  many  feet  deep.  In  such  places  the  richness  of  the  gold  con- 
centration must  determine  whether  or  not  the  excavation  of  the 
"slide"  from  the  valley  side  is  justified.  Such  "slides''  occur  on 
Eureka,  Friday,  Glacier,  and  Little  Moose  creeks.  On  Little  Moose 
Creek  a  large  mass  of  material,  rendered  unstable  by  the  excavation 
of  creek  gravels  at  its  base,  flowed  suddenly  into  the  placer  workings, 
covered  the  sluice  boxes,  and  filled  the  cut  with  mud.  In  other  places 
the  unusual  depth  to  bedrock  encountered  by  prospectors  is  no  doubt 
due  to  the  influx  of  surface  material  from  the  valley  sides,  and  it  is 
likely  that  many  claims  containing  concentrated  deposits  of  placer 
gold  now  unavailable  for  mining  would  yield  a  profit  if  the  over- 
burden due  to  soil  flowage  were  absent. 

Miyza  AKD  PBOSFECTS. 

During  August,  1916,  all  the  mines  and  prospects  on  which  work 
was  being  done  were  visited,  and  the  following  pages  contain  brief 
descriptions  of  the  general  conditions  prevailing  at  that  time.  The 
position  of  the  mines  and  prospects  is  shown  in  Plate  XV,  and  in 
the  discussion  they  are  grouped  under  the  stream  valleys  in  which 
they  occur  and  are  described  in  order  from  the  uppermost  claim 
downstream. 

eiES  CBEES. 
Claim*  Nm.  I  and  1  on  rlcht  (aik. 

Some  mining  was  done  by  one  man  on  claim  Ko.  1,  the  lowest 
claim  on  the  right  fork  of  Glen  Creek.  A  large  part  of  the  season 
was  spent  in  building  an  automatic  dam,  but  during  the  period  of 
low  water  the  dam  leaked  so  badly  that  it  would  not  fill  up  and 


DicMzedbyGoOglC 


JDNEEAL  EESOUBCES  OP  THE   KANTISHNA  BEQION.  301 

flush,  and  only  36  linear  feet  of  bedrock  below  the  dam  had  been 
cleaned.  In  previous  years  considerable  work  was  done  on  claim 
No.  2,  by  the  ordinary  method  of  groundsluiciug  and  shoveling  in. 
Boxes  12  inches  wide,  set  on  a  grade  of  10  to  12  inches  to  the  box 
length,  are  used.  The  bedrock  is  composed  of  quartzite  and  mica- 
ceous schist,  and  boulders  are  large  and  abundant.  On  claim  N^o.  2 
the  depth  to  bedrock  averages  about  6  feet,  but  a  short  distance 
below  the  dam,  on  claim  No.  1,  the  bedrock  surface  plunges  suddenly 
downward,  and  a  shaft  34  feet  deep,  sunk  near  the  forks,  failed  to 
reach  it. 

The  gold  is  bright,  coarse,  and  rough,  and  many  nuggets  weighing 
from  1  to  7  ounces  each  have  been  recovered.  The  sluice-box  con- 
centrates contained  abundant  black  sand,  garnets,  galena,  and  iron 
pyrite,  indicating  that  the  gold  has  been  derived  from  sulphide-bear- 
ing quartz  veins.  Such  veins  crop  out  at  the  head  of  this  basin  and 
doubtless  have  furnished  gold  to  the  placer  gravels. 

CUlD  No.  >. 

In  July,  1916,  three  men  were  mining  on  claim  No.  9.  An  auto- 
matic dam  was  in  operation,  and  a  cut  nearly  500  feet  long  had  been 
groundsluiced.  Bedrock  had  been  cleaned  for  a  distance  uf  about 
150  feet  in  this  cut.  The  gravels  range  from  5  to  8  feet  in  depth  and 
contain  numerous  boulders  and  slabs  of  schist,  some  of  which  are 
too  large  for  one  man  to  handle.  The  stream  flow  was  sufficient  for 
the  mining  operations,  and  12-inch  sluice  boxes,  set  on  a  grade  of 
7^  inches  to  the  box  length,  were  used.  The  gold  is  coarse  and  rather 
rough  and  assays  from  $15  to  $15.80  on  ounce.  Many  of  the  nug- 
gets are  discolored,  but  the  fine  gold  is  bright  and  yellow.  Many 
nuggets  ranging  from  1  to  3^  ounces  have  been  found.  The  sluice- 
box  concentrates  contain  numerous  pieces  of  galena  and  black-coated 
pebbles  and  small  boulders  of  the  manganese  metasilicate  rhodonite. 
It  is  reported  that  about  half  of  claim  No.  9  has  been  mined. 


No  one  was  present  on  claim  No.  7  at  the  time  it  was  visited,  but 
it  is  reported  that  one  man  was  mining  there  in  1916.  In  July  some 
groundsluicing  had  been  done,  but  little  gravel  had  been  shoveled 
into  the  sluice  boxes.  The  mining  conditions  on  this  ground,  a  large 
part  of  which  is  said  to  be  worked  out,  are  much  the  same  as  on 
claim  No.  9. 

other  dalmi  on  Glen  Cr«*k. 

Some  mining  has  been  done  on  Glen  Creek  each  year  since  1906, 
and  a  number  of  claims  have  contributed  to  the  gold  production. 
Claim  No.  6,  below  which  little  more  than  prospecting  has  been  done, 
103210°— 18— Bull.  662 20 
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bms  been  partly  nuDed,  and  No.  7  is  Ui^It  worked  oaL  Parts  of 
claims  No.  8  and  'So.  8  fraction  have  been  worked,  and  claim  No.  9 
is  about  half  exhansted.  So  extensive  mining  has  been  done  above 
claim  Ko.  9  on  the  main  creek,  but  on  the  right  foi^  pft'ts  of  clums 
Ko&  1  and  2  have  been  mined. 


The  uppermost  claim  on  which  mining  has  been  done  on  Eureka 
Creek  is  claim  No.  13,  on  which  one  man  has  been  working  since 
1906.  Sluicing  operations  were  begun  on  the  lower  end  of  the  claim 
and  have  now  been  carried  upstream  for  a  total  distance  of  about 
1,000  feet.  The  bedrock  of  this  creek,  composed  of  Birch  Creek 
schist,  varies  in  hardness  from  place  to  place,  hard  quartzitic  phases 
alternating  with  softer  mica  schist.  The  foliation  of  the  schist  here 
strikes  roughly  parallel  with  the  direction  of  the  valley  of  Eureka 
Creek  and  dips  at  high  angles.  At  the  time  of  visit  ground  to  the 
depth  of  11  feet  was  being  mined,  for  the  pay  streak  was  buried  by 
the  movement  of  materials  from  the  north  valley  wall.  An  auto- 
matic dam  was  used  for  groundsluicing,  but  during  the  season  of 
1916  the  water  supply  was  insufficient  for  satisfactory  mining. 
Sluice  boxes  12  inches  wide,  with  pole  riffles,  were  set  on  a  9-inch 
grade,  and  below  these  were  set  boxes  with  false  bottoms  on  a  grade 
of  6  inches  to  the  box  length.  Boulders  and  slabs  of  rock,  some  of 
them  4  feet  in  diameter,  are  numerous  and  add  to  the  difficulties  of 
mining.  Practically  all  the  gold  occurs  on  bedrock,  and  much  of  it 
is  discolored  by  stains  from  the  decayed  rock.  The  gold  is  said  to 
assay  $16  an  ounce,  and,  although  coarse,  is  finer  and  smoother  than 
that  taken  from  the  claims  below.  The  largest  nugget  taken  from 
this  ground  weighed  2|  ounces. 

Eartka   iranp. 

The  lowest  ground  on  which  active  mining  was  done  on  Eureka 
Creek  in  1916  is  the  Eureka  group,  consisting  of  claims  Nos.  5  to  12 
above  Discovery,  which  is  at  the  month  of  the  creek.  On  this  group 
a  strip  about  one  cut  wide  (about  20  feet),  and  including  the  bed 
of  the  stream,  has  been  mined  from  the  lower  end  of  claim  No.  5 
up  to  and  including  a  part  of  claim  No.  9,  and  mining  has  been 
carried  on  here  each  year  since  1905.  Until  recently  all  mining  had 
been  done  by  pick  and  shovel,  and  only  the  richest  gravels — those  in 
the  creek  bed — could  be  handled  at  a  profit.  In  1916  an  automatic 
dam  was  built  on  the  upper  end  of  the  group,  and  through  its  use 
mining  costs  have  been  so  reduced  that  a  much  wider  strip  of  gravels 
can  be  profitably  exploited.    It  is  reported  that  the  cost  of  mining 
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has  been  reduced  from  $45  a  box  length  (168  square  feet)  under  the 
old  method  of  groundsluicing  and  shoveling  in  to  $20  a  box  length 
bj  the  automatic-dam  method.  The  gravels  are  sluiced  off  until  the 
high  points  of  bedrock  are  exposed,  and  only  about  6  inches  of  gravel 
is  shoveled  by  hand.  The  owner  reports  tiiat  tests  show  that  little 
gold  is  lost  by  this  method.  The  gravels  have  averaged  about  7  feet 
in  thickness  in  the  stream  bed  and  8  to  9  feet  on  the  low  benches. 
Coarse  boulders  are  not  unusually  abundant,  and,  although  a  few 
have  to  be  broken  by  explosives,  most  of  them  can  be  thrown  aside 
by  hand.  On  the  lower  end  of  claim  No.  9  the  creek  fiat  widens  to 
about  40  feet,  and  the  whole  flat  was  being  worked  at  the  time  of 
visit  (August,  1916).  The  owner  plans  to  continue  mining  by  the 
present  automatic-dam  method  to  the  head  of  the  group  of  claims 
and  then  work  the  ground  on  the  lower  claims  on  either  side  of  the 
creek  channel — ground  that  by  the  old  method  would  not  pay.  The 
bedrock  is  the  Birch  Creek  schist,  the  character  of  which  changes 
from  place  to  place.  In  cleaning  bedrock  it  is  necessary  to  remove 
only  a  part  of  the  schist  where  the  rock  is  comparatively  soft,  but  in 
the  harder  phases  the  gold  has  penetrated  more  deeply  into  the 
cracks,  and  2  feet  of  bedrock  must  be  removed  to  recover  all  the  gold. 
The  gold  is  bright  yellow,  except  those  pieces  whiclf  have  lain  on 
decayed  and  rusty  bedrock  and  are  discolored.  It  assays  from  $15 
to  $15.20  an  ounce.  A  large  part  of  the  gold  recovered  is  in  rough, 
angular  pieces  that  show  little  or  no  evidence  of  stream  abrasion. 
Many  pieces  show  unworn  crystal  surfaces  and  are  certainly  derived 
from  gold-bearing  lodes  near  by.  In  many  nuggets  quartz  is  inter- 
mingled with  the  gold,  and  the  sluice-box  concentrates  contain  abun- 
dant galena,  giving  additional  evidence  that  the  gold  was  concen- 
trated from  the  quartz  veins  that  crop  out  on  the  ridges  that  border 
this  stream  basin.  Stibnite  and  black  sand  are  also  caught  on  the 
riffies.  The  placer  gold  from  Eureka  Creek  is  also  unusually  coarse. 
Half  of  that  recovered  is  said  to  occur  in  pieces  having  a  value  of 
5  cents  or  over,  and  much  is  still  coarser.  One  nugget  from  claim 
Na  9  had  a  value  of  $100,  and  another  taken  from  Discovery  claim 
in  1906  was  worth  $900. 

The  water  supply  on  Eureka  Creek  is  ordinarily  abundant  for 
sluicing  operations  throughout  the  open  season.  Four  boxes  11  by 
13  inches  in  cross  section  set  on  a  grade  of  9  inches  to  the  box  length, 
two  equipped  with  pole  riffles  and  two  with  Hungarian  riffles,  are 
used,  and  the  lower  boxes,  with  false  bottoms,  are  set  on  a  grade  of 
5  inches  to  the  box  length.  Two  or  three  men  were  employed 
throughout  the  season. 

On  claim  No.  12  of  the  Eureka  group  one  man  operating  on  a 
lease  was  mining  for  part  of  the  season.    The  conditions  encountered 
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were  much  the  same  as  on  claim  No.  9,  the  graveU  being  from  7  to 
9  feet  iQ  thickness. 

OUwt  mlaiag. 

In  the  earlier  years  of  mining  activity  in  this  district  placer  min- 
ing was  done  on  all  the  claims  from  the  mouth  of  Eureka  Creek  up  to 
claim  No.  5j  and  the  mainstream  bed  has  now  been  mined  upto  and  in- 
cluding part  of  claim  No.  9.  Throughout  the  length  of  these  nine 
claims,  however,  there  are  locally  patches  of  gravel  on  each  side  of 
the  creek  which  are  known  to  contain  considerable  placer  gold  but 
which  were  left  by  the  miners  in  their  haste  to  work  the  richest  and 
most  easily  accessible  ground.  As  the  richer  gravels  of  the  main 
creek  bed  become  exhausted,  the  less  easily  handled  "  side  pay  "  on 
these  claims  will  be  mined,  and*  by  the  use  of  more  economical 
methods,  such  as  automatic-dam  sluicing,  these  neglected  areas  are 
likely  to  yield  a  satisfactory  profit  to  the  miners. 

FBIDAT  flB££S. 

Friday  Creek,  a  small  tributary  of  Moose  Creek  from  the  east, 
joins  that  stream  1^  miles  below  the  mouth  of  Eureka  Creek.  The 
valley  of  Friday  Creek  is  only  2  miles  long,  and  the  gradient  of  the 
stream  is  ste^  and  its  valley  narrow.  The  stream  Hat  is  in  general 
not  more  than  15  or  20  feet  wide,  and  for  a  considerable  part  of  its 
length  the  creek  flows  in  a  narrow,  canyon-like  cut  between  rock 
walls,  with  only  narrow  and  shallow  gravels  in  the  stream  bed. 


One  man  was  mining  on  the  upper  end  of  claim  No.  2,  the  creek 
bed  in  the  lower  part  of  the  claim  having  already  been  mined  out, 
although  some  workable  ground  is  said  to  remain  along  the  sides  of 
the  strip  that  has  been  mined.  Mining  conditions  here  are  much  the 
same  as  on  the  other  claims  on  this  creek.  The  stream  gravels  range 
in  width  from  15  to  150  feet,  and  in  places  the  pay  strejik  runs  under 
slide  material  from  the  valley  sides.  Locally  this  slide  material  is 
frozen.  Boulders  and  slabs  of  the  schist  bedrock,  too  large  to  pass 
through  the  sluice  boxes,  are  abundant,  but  none  are  too  large  for 
one  man  to  handle.  The  gold  is  rough  and  coarse,  nuggets  of  a 
maximum  value  of  $50  having  been  found.  The  gold  taken  from  the 
surface  of  the  bedrock  is  usually  discolored  and  rusty,  but  the  gold 
from  the  gravels  is  bright. 

CUIn  No.  1. 
Claim  No.  1  has  been  mined  since  1914  by  the  owner,  who  also  holds 
a  300-foot  fractional  claim  adjoining  the  upper  end  of  claim  No.  1. 
The  ordinary  method  of  groundsluicing  and  shoveling  in  is  em- 
ployed, and  a  hose,  with  water  under  pressure,  is  used  to  clean  the 
bedrock.     Sluice  boxes  set  on  grades  ranging  from  8  to  16  inches  to 
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the  box  length  are  lined  with  pole  and  Hungarian  riffles.  The  schist 
bedrock  ranges  in  character  from  hard,  dense  rock  to  soft,  soapy,  de- 
cayed material,  and  experience  has  shown  that  the  hard  bedrock  has 
retained  most  of  the  gold  and  the  softer  phases  are,  in  general,  only 
slightly  productive.  The  creek-bed  gravels  range  in  depth  from 
8  to  4  feet,  but  in  places  the  pay  streak  is  covered  with  slide  material 
from  the  valley  sides,  and  an  overburden  10  to  15  feet  thick  must  be 
removed  to  reach  the  bedrock.  The  gold  is  coarse  and  very  rough, 
having  come  from  the  eroded  portions  of  quartz  veins  that  crop  out 
on  the  mountains  near  by.  The  largest  nugget  taken  from  this  claim 
weighed  6^  ounces,  and  many  pieces  weighing  over  an  ounce  have 
been  found.  Black  sand  and  galena  are  the  most  abundant  heavy 
concentrates  in  the  sluice  boxes.  Most  of  this  claim  has  now  been 
mined,  but  the  fractional  claim  immediately  above  it  is  still  unworked. 

The  lowest  claim  on  which  active  mining  has  been  done  on  Friday 
Creek  is  Discovery  claim,  the  second  claim  above  the  mouth  of  the 
stream.  Two  men  have  been  mining  here  each  summer  since  1908, 
and  the  stream  channel  has  been  about  mined  out,  the  only  unworked 
ground  being  a  side  cut  near  the  upper  end  of  the  claim.  On  the 
upper  portion  of  this  ground  the  bedrock  consists  of  schist,  the  folia- 
tion of  which  strikes  roughly  parallel  with  the  trend  of  the  valley 
and  dips  at  high  angles.  About  300  feet  above  the  lower  end  of  the 
claim  the  bedrock  floor  steepens  and  disappears  beneath  a  gravel 
filling  so  thick  that  so  far  prospect  holes  have  failed  to  penetrate  it. 
Mining  has  been  done  only  by  pick  and  shovel,  the  pay  gravels  averag- 
ing between  3  and  4  feet  in  thickness.  Two  sluice  boxes  lined  with 
pole  riffles  and  one  with  Hungarian  riffles,  set  on  a  grade  of  9  inches 
to  the  box  length,  are  used,  and  below  them  boxes  with  false  bottoms 
are  set  on  a  5-inch  grade.  The  gold  is  bright,  coarse,  and  extremely 
rough.  Many  nuggets  show  the  crystalline  character  of  the  gold  as 
it  came  from  the  vein  quartz,  and  quartz  is  common  in  the  nuggets. 
Few  pieces  show  conspicuously  the  effects  of  stream  abrasion,  and  it 
is  certain  that  much  of  the  placer  gold  had  its  bedrock  origin  in 
the  gold-bearing  quartz  veins  that  crop  out  in  this  basin,  particularly 
on  the  ridge  between  Friday  and  Eureka  creeks.  The  gold  is  said 
to  assay  $14.82  an  ounce  and  is  associated  in  the  sluice  boxes  with 
abundant  galena  and  black  sand. 

EUtOILAIlO  OBESX. 

At  several  places  on  Eldorado  Creek,  especially  at  a  point  about  2 
miles  above  the  mouth  of  the  stream,  there  is  evidence  that  some  placer 
mining  has  been  done,  though  no  one  was  working  there  at  the  time 
of  visit.  The  bedrock  at  the  place  mentioned  is  a  black  slaty  phase 
of  the  schist  that  strikes  in  general  northeast  and  dips  steeply  to  the 
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southeast.  The  gravels  apparently  range  from  2  to  4  feet  in  thidmefiS. 
It  is  reported  that  the  gold  is  too  unevenly  distributed  for  successful 
mining.  The  gold  is  said  to  be  bright,  well  worn,  and  finer  than  that 
on  Friday  and  Eureka  creeks,  and  to  assay  about  $16.25  an  ounce. 

1I008S  CBEEE. 

The  valley  of  Moose  Creek,  beginning  at  the  mouth  of  Eldorado 
Creek  and  extending  3^  miles  downstream,  is  held  as  a  block  of  claims 
by  the  owners,  who  have  mined  on  this  ground  each  year  since  1906. 
Discovery  claim  lies  at  the  upper  end  of  this  property,  and  it  is  evi- 
dent that  most  of  the  placer  gold  in  this  part  of  the  valley  of  Moose 
Creek  has  been  supplied  by  the  tributaries  Eureka,  Eldorado,  and 
Friday  creeks,  for  no  workable  groimd  has  been  found  in  the  valley 
above  the  point  which  the  gravels  from  Eureka  and  Eldorado  creeks 
have  reached.  Only  mining  on  a  small  scale,  by  pick  and  shovel, 
has  been  done  in  Moose  Creek  valley.  Moose  Creek  is  a  large  clear 
stream  that  flows  over  a  gravel  flat  and  is  generally  bordered  by  gravel 
benches,  though  in  places  it  swings  to  one  side  or  the  other  of  its 
valley  and  cuts  against  the  rock  valley  walls.  About  3  miles  below 
the  mouth  of  Eureka  Creek  it  enters  a  rock  canyon,  through  which 
it  flows  for  some  distance.  Its  gradient  is  so  gentle  that  difficulties 
are  encountered  in  obtaining  water  under  sufficient  head  for  sluicing 
and  in  obtaining  a  dump  for  tailings  from  the  sluice  boxes. 

At  the  time  of  visit  two  men  were  mining  opposite  the  mouth 
of  Eureka  Creek,  on  a  gravel  bench  whose  lower  edge  stands  10  or 
12  feet  above  the  level  of  Moose  Creek.  Water  was  obtained  through 
a  ditch  that  is  supplied  by  Eldorado  Creek.  Pick  and  shovel  methods 
were  used.  Twelve  lengths  of  sluice  boxes,  12  by  14  inches  in  cross 
section  and  set  on  a  grade  of  5  inches  to  the  box  length,  were  so  ar- 
ranged as  to  dump  directly  into  Moose  Creek.  The  gravels  mined 
averaged  8  feet  in  thickness  and  lay  upon  a  false  bedrock  composed 
of  blue  clay,  sand,  or  semiconsolidated  gravel.  The  gold  is  dis- 
tributed throughout  the  thickness  of  the  gravels,  but  there  is  a  notable 
concentration  on  the  false  bedrock.  Practically  no  gold  has  been 
found  within  or  beneath  the  material  composing  the  false  bedrock, 
and  no  one  has  so  far  succeeded  in  sinking  a  hole  through  this  mate- 
rial to  the  underlying  schist.  The  gold  taken  from  the  gravels  is 
coarse  and  yellow,  but  that  taken  from  the  surface  of  the  false  bed- 
rock is  discolored,  some  of  it  being  nearly  black.  Although  it  has 
probably  been  derived  in  large  part  from  the  Eureka  Creek  basin,  the 
gold  from  Discovery  claim  averages  finer  than  that  found  in  Eureka 
Creek,  and  most  of  it  is  in  flat,  well-worn  particles.  It  is  reported 
that  considerable  mining  has  been  done  at  three  other  localities  on 
this  block  of  claims  and  that  assessment  work,  including  the  clearing 
away  of  brush  and  timber,  and  prospecting  have  been  done  each  year. 
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Glacier  Creek  bends  against  the  north  side  of  the  Kantishna  Hills, 
flows  northwestward  through  a  deep  valley  eroded  in  schist  for  a 
distance  of  about  5  miles,  and  emerges  from  the  moimtBios,  to  Sow 
in  a  northerly  direction  to  its  junction  with  Bearpaw  River  through 
a  valley  intrenched  in  a  broad  gravel-covered  upland.  For  the  upper 
6  miles  the  stream  occupies  a  valley  floored  with  stream  gravels  of 
moderate  depth,  lying  upon  schist  bedrock.  North  of  ^e  moun- 
tains the  depth  to  bedrock  increases  so  as  to  be  below  the  limit  of 
ordinary  open-cut  placer-mining  operations,  except  in  a  few  short 
stretches  through  which  the  stream  has  cut  shallow  canyons  in  the 
schist.  Except  in  these  short  canyons,  the  stream  in  the  lower  10 
miles  of  its  course  flows  over  a  gravel  flat  that  is  bordered  by  high, 
smooth-topped  ridges,  in  which  no  hard  rocks  crop  out  but  which 
are  composed  for  the  most  part  of  rather  ancient,  tilted  gravels — 
the  Nenana  gravel. 

Placer  gold  has  been  found  both  in  the  stream  gravels  and  on  the 
benches  of  Glacier  Creek  throughout  its  length,  but  mining  opera- 
tions have  been  successfully  conducted  only  in  the  upper  8  miles  of 
the  valley. 

culm  No.  II. 

The  uppermost  claim  on  which  mining  was  done  in  1916  is  claim 
No.  20,  situated  Ij  miles  above  the  point  at  which  Glacier  Creek 
emerges  from  the  mountains.  On  this  claim  two  men  were  sluicing 
gravels  that  averaged  about  5  feet  in  thickness  and  lay  on  schist 
bedrock.  Sluice  boxes  12  inches  square  in  cross  section,  lined  with 
pole  and  Hungarian  riffles  and  set  on  a  grade  of  6  to  8  inches  to 
the  box  length,  were  in  use.  The  gold  is  said  to  occur  both  in  the 
stream  gravels  and  on  the  surface  of  bedrock.  That  from  the  gravels 
is  bright  and  yellow,  but  that  taken  from  bedrock  is  generally 
stained  and  discolored.  The  gold  is  coarse  but  is  said  to  be  unevenly 
distributed,  rich  spots  being  surrounded  by  lean  areas,  in  which  there 
is  insufficient  gold  to  pay  the  cost  of  mining. 


One  man  was  mining  on  claim  No.  18  and  has  worked  there  each 
summer  since  1908.  A  splash  dam  and  a  bedrock  drain  had  been 
erected,  but  a  freshet  in  the  spring  washed  out  the  dam  and  filled  the 
drain  and  made  mining  difficult.  Large  boulders  are  e^>ecially 
abundant  on  this  claim,  and  the  difficulties  of  mining  are  increased 
by  the  tendency  of  the  pay  streak  to  run  beneath-  the  coarse  angular 
talus  of  the  valley  sides.  The  gravels  in  the  stream  bed  range  from 
3J  to  9  feet  in  depth.  Black  sand  and  garnets  are  said  to  be  abun- 
dant in  the  sluice-box  concentrates. 
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Claim  No.  14,  on  Glacier  Creek,  is  the  site  of  the  first  discovery 
of  placer  gold  in  paying  quantities  within  the  Kantishna  district, 
and  it  has  been  mined  intermittently  since  1905.  About  900  feet  of 
the  creek  bed  and  a  portion  of  the  west  bench  have  been  worked. 
One  man  was  mining  on  the  lower  end  of  this  ground  in  1916.  A 
bedrock  drain  has  been  installed,  and  mining  was  carried  on  by  the 
usual  method  of  groundsluicing  and  shoveling  in  the  gravels  and  the 
surface  of  the  bedrock.  The  schist  bedrock  ranges  from  soft,  de- 
cayed material,  that  has  retained  the  gold  poorly,  to  hard,  firm  rock, 
on  which  the  gold  is  most  abundant.  Some  gold  occurs  in  the  stream 
gravels,  but  the  richest  concentration  is  on  the  surface  of  the  bed- 
rock. The  gold  content  varies  markedly  within  short  distances, 
almost  barren  stretches  of  gravel  being  succeeded  by  other  stretches 
of  rich  ground.  Few  large  nuggets  are  found  on  this  claim,  the  gold 
occurring  for  the  most  part  in  Qat  well-worn  pieces  the  size  of  rice 
grains. 

An  irregularly  shaped  area,  measuring  in  its  maximum  dimen- 
sions 160  by  200  feet,  has  been  mined  on  the  west  side  of  Glacier 
Creek,  on  a  bench  that  has  a  steep  face  40  feet  high  at  the  creek 
edge  and  slopes  upward  toward  the  west.  As  shown  by  the  section 
along  the  creek,  this  bench  is  composed  for  the  most  part  of  schist, 
over  the  surface  of  which  is  a  gravel  deposit  of  varying  thickness, 
laid  down  by  Glacier  Creek  at  a  time  when  the  bench  surface  was 
the  valley  bottom,  before  the  present  stream  canyon  was  eroded. 
To  mine  this  bench  a  ditch  was  built  to  tap  Glacier  Creek  at  the 
lower  end  of  claim  No.  16.  The  width  of  the  bench  below  the  ditch 
line  at  the  lower  end  of  claim  No.  14  is  about  200  feet.  Mining 
was  done  by  running  successive  cuts  from  the  ditch  to  the  edge  of 
the  bench,  and  the  tailings  were  discharged  over  the  bench  into 
Glacier  Creek.  The  gravels  on  the  bench  surface  ranged  from  3  to 
20  feet  in  thickness  and  were  frozen  in  places,  so  that  it  was  neces- 
sary to  strip  l^e  cut  and  allow  the  material  to  thaw  for  a  while  be- 
fore the  loosened  material  could  be  removed.  In  working  down  the 
valley  an  old  channel  on  the  bedrock  surface  of  the  bench  was  found, 
diverging  to  the  northwest,  away  from  Glacier  Creek.  Along  this 
channel  the  gravels  became  constantly  thicker,  and  mining  was  dis- 
continued at  the  point  where  the  channel  passed  so  far  below  the 
surface  of  the  bench  gravels  that  the  bedrock  would  no  longer  drain 
to  Glacier  Creek.  It  is  reported  that  the  bench  gravels  worked 
yielded  a  good  profit  to  the  miners,  but  the  increasing  depth  of  the 
ground  and  the  difficulties  in  keeping  the  ditch  in  repair  so  in- 
creased mining  costs  that  no  mining  on  this  bench  has  been  done 
for  several  years. 
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Ctalm  Na.  11. 
Two  men  were  miniiig  on  the  upper  end  of  claim  No.  12  with  pick 
and  shovel.  A  cut  about  240  feet  long  had  been  groundaluiced  and 
most  of  the  material  shoveled  into  the  boxes.  The  gravels,  which 
lie  on  schist  bedrock,  average  6  feet  in  thickness  and  contain  com- 
paratively few  boulders.  Although  one  nugget  valued  at  $80  is  said 
to  have  come  from  this  claim,  most  of  the  gold  is  comparatively 
fine,  and  nuggets  are  not  common.  It  is  reported  that  only  a  small 
part  of  this  claim  has  been  mined. 

Odwr  mlnliis  u  GlacUr  Creak. 

Since  1905  considerable  mining  has  been  done  on  Glacier  Creek 
on  claims  that  were  not  being  worked  in  1916,  Some  mining  was 
done  on  claim  No.  13;  claims  Nos.  15,  16,  and  17  were  largely  ex- 
hausted; and  claims  N(«.  18,  19,  and  20  all  produced  some  gold. 
Certain  claims  on  Yellow  Creek  are  said  to  have  been  fairly  rich, 
but  they,  too,  were  mined  out.  A  good  deal  of  prospecting  and  a 
little  mining  have  been  done  on  the  claims  below  No.  12,  but  except 
on  the  stream  flat  through  a  canyon  extending  for  about  a  mile 
below  Discovery  claim  and  that  in  another  canyon  just  above  the 
mouth  of  the  stream,  the  stream  gravels  are  so  deep  that  ordinary 
mining  methods  fail  to  reach  bedrock.  The  deep  ground  is  said  to 
begin  on  claim  No.  11.  It  is  reported  that  an  80-foot  prospect  hole 
sunk  on  claim  No.  10,  a  90-foot  hole  on  claim  No.  9,  and  an  80-foot 
hole  on  claim  No.  7  all  failed  to  reach  bedrock. 

CASIBOV  OKEEK. 

Caribou  Creek  in  its  upper  portion  flows  almost  due  west  and  is 
fed  from  the  south  by  a  number  of  tributaries  that  drain  the  highest 
peaks  of  the  Kantishna  Hills.  At  10  miles  below  its  head  Caribou 
Creek  swings  to  the  north,  and  thence  it  flows  between  broad  gravel- 
topped  ridges  to  its  confluence  with  Bearpaw  River. 

The  only  ground  in  the  Caribou  Creek  basin  on  which  mining  was 
done  in  1916  comprises  a  group  of  eight  claims  extending  along  the 
valley  of  Caribou  Creek  from  Last  Chance  Creek  to  Crevice  Creek. 
The  area  that  has  been  mined  is  a  strip  extending  1,200  feet  up- 
stream from  the  mouth  of  Last  Chance  Creek  and  ranging  in  width 
from  10  feet  through  the  canyon  to  70  feet  at  the  upper  end  of  the 
cut,  where  the  creek  flat  widens  above  the  head  of  the  canyon.  The 
gravels  were  from  2  to  3i  feet  thick  in  the  stream  bed  and  reached 
a  thickness  of  7  feet  on  some  of  the  bars.  Large  boulders,  some  of 
them  so  large  that  it  was  necessary  to  mine  around  them,  were 
numerous  in  the  canyon,  but  above  it  none  too  large  for  one  man  to 
handle  were  encountered.     Sluice  boxes  10  inches  square  in  croes 


..,  Google 


310  UINE&AL  EEeOUBCES  OF  ALASKA,  1916. 

Eection  and  lined  with  pole  riffles  were  set  on  a  grade  of  9  inches 
to  the  box  length.  Water  is  always  sufficiently  abundant  in  Caribou 
Creek  at  this  place  for  pick  and  shovel  mining.  In  fact,  incon- 
venience is  more  likely  to  result  from  too  much  rather  tiian  from 
too  little  water.  The  slopes  in  the  basin  of  Caribou  Creek  are  so 
steep  that  the  stream  responds  quickly  to  any  rainfall,  and  a  heavy 
rain  is  likely  to  so  flood  the  stream  that  mining  must  be  suspended 
until  the  stream  falls.  Tlie  gold  occurs  throughout  the  thickness 
of  Ihe  stream  gravels  but  is  especially  concentrated  on  bedrock. 
That  in  the  gravels  is  bright  and  yellow,  but  most  of  that  on  the 
bedrock  is  darkly  stained  and  discolored.  The  gold  taken  from  the 
canyon  is  coarse,  the  largest  nugget  found  having  a  value  of  $110. 
That  found  above  the  canyon  is  fine  and  occurs  in  flat,  flaky  pieces. 
It  is  said  to  assay  $13.50  an  ounce.  Associated  with  the  gold  in  the 
sluice  boxes  are  pebbles  of  magnetite,  ilnienite,  and  the  calcium 
tungstate  scheelite  and  numerous  large  garnets.  Four  men  were 
employed  throughout  most  of  the  summer. 

Very  little  mining  has  been  done  on  Caribou  Creek  and  its  tribu- 
taries, except  that  on  the  group  of  claims  just  described.  A  small 
amount  of  gravel  has  in  former  years  been  sluiced  on  claims  Nos.  3 
and  4,  and  a  good  deal  of  prospecting  has  been  done  both  in  the 
stream  gravels  and  on  the  high  benches.  The  benches  are  said  to 
carry  promising  quantities  of  gold,  but  the  bench  gravels  are  frozen, 
and  the  cost  of  thawing  has  so  far  prohibited  mining  on  them. 

UTTLE  XOOSE  CBEEK. 

Little  Moose  Creek  is  a  small  western  tributary  that  joins  the 
Clearwater  Fork  of  Toklat  River  3  miles  above  its  mouth.  For  its 
entire  length  it  flows  through  a  deep,  narrow  valley  bordered  by 
rugged  mountains  of  schist.  The  only  mining  in  progress  on  this 
stream  in  1916  was  at  a  point  5  miles  above  its  mouth,  on  claim  Na 
20,  where  two  men  were  working.  An  automatic  dam  had  been  con- 
structed, but  it  was  not  completed  until  late  in  the  spring,  and  by 
that  time  the  water  supply  had  become  too  small  for  the  most  satis- 
factory operation  of  the  dam.  In  the  mining  done  in  1916  no  bedrock 
had  been  uncovered  by  the  middle  of  August,  though  some  gold  had 
been  recovered  from  the  gravels.  Large  boulders  are  confined  almost 
wholly  to  the  surface  gravels,  the  deeper  gravels  being  almost  free 
from  them. 

It  is  reported  that,  except  on  claim  No.  7,  the  gravel  is  so  deep  on 
all  the  ground  below  claim  No.  18  that  bedrock  can  not  be  reached 
by  ordinary  methods  of  open-cut  mining. 

Some  mining  has  been  done  in  past  years  on  claims  Nos.  18  and 
18.    It  is  reported  that  the  stream  gravels  range  from  8  to  10  feet 
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in  thicknesB,  although  in  many  places  slide  material  from  the  valle; 
sides  has  covered  the  pay  streak  to  so  great  a  depth  that  mming 
costs  are  prohibitive.  Tl»  gold  is  coarse  and  shotty  and  not  greatly 
Worn.  Although  one-third  of  the  gold  recovered  is  said  to  be  in  pieces 
worth  60  cents  or  more,  very  large  nuggets  are  not  common,  the 
largest  taken  from  this  creek  having  a  value  of  $20.  The  gold  is  of 
low  grade  and  is  said  to  assay  about  $12  an  ounce.  Small  nuggets  of 
native  silver  are  said  to  be  present  in  almost  every  clean-up. 

The  creep  of  soil  and  talus  is  especially  rapid  in  this  creek  valley 
and  in  those  of  adjacent  streams.  The  small  excavations  made  in  the 
course  of  placer  mining  have  at  times  been  sufficient  to  disturb  the 
equilibrium  of  the  adjoining  valley  slopes,  and  large  quantities  of 
muck,  soil,  and  coarse  rock  have  suddenly  slid  into  the  mining  cuts, 
burying  sluice  boxes  and  causing  much  annoyance.  The  unusual 
depth  of  the  stream  gravels  in  this  valley  is  due,  at  least  in  part,  to 
the  rapid  downward  creep  of  detritus  from  the  valley  sides,  which 
fills  the  valley  floor  more  rapidly  than  the  small  stream  can  remove  it. 

FK08FE0T8. 

In  the  foregoing  description  of  mines  in  this  district  all  claims  are 
included  on  which  active  mining  was  in  progress  in  Augjust,  1916, 
and  some  mention  has  been  made  of  the  results  of  mining  in  earlier 
years  on  ground  that  was  not  being  worked  at  the  time  of  visit  It 
is  inevitable,  however,  that  in  a  camp  where  so  many  men  have  come 
and  gone  and  where  the  only  record  of  past  developments  is  in  the 
memory  of  those  men  who  have  remained  the  record  of  mining 
should  be  incomplete.  During  the  two  years  following  the  first  gold 
discovery  in  this  camp  and  the  attendant  stampede  a  large  amount' 
of  prospecting  was  done  on  all  the  streams  that  drain  the  Kantishna 
Hills  as  well  as  in  adjacent  regions.  The  evidence  of  the  work  of 
those  prospectors  is  everywhere  to  be  found,  in  old  cabins,  prospect 
holes,  and  pits.  As  a  result  of  their  work  the  distribution  of  paying 
gravels,  under  the  conditions  then  prevailing,  was  proved  to  be  lim- 
ited to  the  streams  described  above.  Placer  gold  was,  however, 
foimd  widely  distributed,  and  in  many  places  it  occurred  in  quanti- 
ties almost  sufficient  to  warrant  mining  at  that  time.  Unfortunately, 
most  of  the  information  these  men  obtained  at  so  great  a  cost  of 
money  and  efi'ort  is  now  lost.  With  the  better  transportation  that 
will  be  made  available  by  the  completion  of  the  Government  rail- 
road along  Nenana  Biver  mining  costs  may  be  so  reduced  that  placer 
gravels  heretofore  unavailable  may  be  mined  at  a  profit. 

Among  the  streams  in  the  district  that  may  become  productive  in 
the  future  are  Rainy  and  Spruce  creeks,  tributaries  of  upper  Moose 
Creek  from  the  south;  Myrtle,  Moonlight,  Stampede,  and  Crooked 
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creeks,  all  eastward-flowing  streams  tributary  to  Clearwater  Fork 
or  to  Toklat  Kiver;  Flume  Creek,  which  flows  northwestward  from 
the  south  end  of  the  Kantishna  Hills  to  Bearpaw  River;  and  a  num- 
ber  of  heedward  tributaries  of  Bearpaw  River.  On  all  these  streams 
coarse  gold  has  been  found  in  encouraging  quantities.  By  simple 
panning,  with  httle  preliminary  excavation,  members  of  the  Geo- 
logical Survey  parties  found  coarse  gold  in  nuggets  ranging  in  value 
from  10  to  30  cents  on  at  least  three  streams  on  which  no  mining  had 
been  done.  Numerous  coarse  colors  were  found  on  the  benches  of 
Clearwater  Fork  of  Toklat  River,  and  prospectors  report  that  gold 
may  be  found  at  many  places  between  Toklat  and  Nenana  rivers. 

TOTAL  PRODUCTION    OP   PLACER   GOU>. 

The  task  of  estimating  the  amount  of  placer  gold  that  this  district 
has  produced  presents  many  difficulties,  and  any  estimate  made  can 
be  considered  accurate  only  in  so  far  as  it  represents  in  a  general 
way  the  volume  of  gpld  produced  from  this  camp.  Mining  opera- 
tions have  been  carried  on  by  many  men  for  a  period  of  12  years, 
and  no  accurate  record  has  been  made  of  the  gold  production.  It 
has  therefore  been  possible  only  to  obtain  estimates  of  the  produc- 
tion from  the  men  most  intimately  acquainted  with  the  developments 
on  the  several  creeks  and  by  comparing  and  combining  these  esti- 
mates to  arrive  at  an  approximate  flgure.  The  total  production  of 
placer  gold  in  the  Kantishna  district  to  the  end  of  1916  is  here  esti- 
mated as  $380,000.  This  figure  will  appear  too  small  to  many  per- 
sons, for  there  is  a  constant  tendency  among  most  miners  to  over- 
estimate the  production  on  the  creeks  with  which  they  are  least 
familiar.  About  half  of  the  total  output,  however,  was  mined  by 
men  from  whom  exact  figures  were  obtained,  and  it  is  believed  that 
the  total  is  not  more  than  10  per  cent  in  error.  The  annual  produc- 
tion for  the  last  few  years  has  been  between  $30,000  and  $40,000. 

PUTUBE   OF   PLACER   HININO. 

No  attempt  at  placer  mining  by  other  than  the  simplest  methods 
has  ever  been  made  in  this  district.  The  difficulty  of  access  to  the 
region  is  perhaps  the  main  cause  of  the  failure  to  apply  hydraulic 
or  mechanical  methods  to  the  working  of  the  gravels,  but  the  small 
size  of  most  of  the  rich  creeks  and  the  small  amount  of  ground  to  be 
worked  on  any  one  claim  have  also  favored  the  elastic  methods  of 
pick-and-shovel  mining.  At  present,  however,  the  richest  of  the 
shallow  gravel  deposits  have  already  been  worked  out.  For  the 
leaner  but  more  extensive  deposits  of  gravel  remaining  more  elabo- 
rate methods  must  be  employed,  but  for  the  man  with  sufficient  capi- 
tal and  an  understanding  of  the  problems  involved  the  installation 
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of  a  hydraulic  plant,  mechanical  elevators,  or  u  dredge  ma;  result  in 
vastly  greater  profits  than  those  gained  by  the  man  with  little  equip- 
ment aside  from  his  own  muscle  and  resourcefulness.  It  has  been 
shown  that  the  creek  flat  and  benches  of  Moose  Creek  below  Eureka 
Creek  contain  locally  enough  gold  to  pay  for  mining  by  hand 
methods.  Systematic  prospecting  may  show  that  these  gravels  are 
extensive  and  valuable  enough  to  justify  the  installation  of  a  hy- 
draulic plant  or  a  dredge.  Similarly  both  the  bench  gravels  and  the 
stream  flats  of  lower  Glacier  and  Caribou  creeks  are  known  to  be 
gold  bearing  and  may  some  time  yield  a  profit  if  mined  on  a  large 
scale.  Extensive  gravel  deposits  on  Clearwater  Fork  may  also  prove 
to  be  sufficiently  rich  to  justify  extensive  mining.  The  success  of  any 
such  large  operations  will  depend,  however,  upon  thorough  and  sys- 
tematic prospecting  to  determine  the  value,  extent,  and  physical  char- 
acter of  the  gravel  deposits;  upon  the  careful  and  wise  choice  of  the 
proper  equipment  for  mining;  upon  a  close  determination  of  the 
probable  costs  of  operation;  and,  last  but  by  no  means  least,  upon 
wise  and  honest  supervision  and  control. 

LODE  DEFOSITI. 
GENERAL  FEATURES. 

Although  no  ores  from  lode  deposits  within  the  Kantishna  district 
have  yet  been  reduced,  and  no  metal  has  been  commercially  recovered 
from  them,  there  has  been  much  active  prospecting  for  lode  deports 
within  the  last  few  years;  a  number  of  veins  containing  gold,  at  least 
one  carrying  much  silver,  and  three  held  for  their  antimony  content 
have  been  discovered,  and  varying  amounts  of  development  work 
have  been  done  on  them.  The  prospective  value  of  the  lodes  in  this 
district  can  not  be  judged  by  the  fact  that  they  have  so  far  yielded  no 
production.  Their  remote  situation  and  difficulty  of  access  have  de- 
layed their  development.  Most  of  those  who  have  prospected  for 
lode  deposits  have  been  men  of  small  means,  without  financial  back- 
ing to  undertake  extensive  underground  mining  or  the  erection  of 
milling  plants.  The  time  and  effort  required  to  reach  the  lode  pros-- 
pects  in  summer  have  prevented  the  visit  of  many  capitalists  who 
might  have  undertaken  the  financing  of  mine  development.  The  com- 
pletion of  the  new  railroad  to  the  Tanana  Valley,  however,  is  likely  to  • 
bring  a  new  phase  of  mining  activity  t«  this  district.  Although  no 
single  vein  has  so  far  been  developed  to  the  point  where  the  success 
of  a  mine  is  assured,  there  are  nevertheless  a  number  of  prospects 
that  are  of  sufficient  promise  to  warrant  thorough  exploration  and 
are  likely  some  day  to  bring  this  camp  into  the  list  of  gold  lode 
producers. 
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All  the  lodes  that  have  been  considered  worthy  of  any  develop- 
ment occur  within  a  rather  small  area.  They  lie  along  the  highest 
part  of  the  Kantishna  Hills  and  are  included  in  a  belt  9.7  miles  long 
and  6  miles  wide,  extending  from  Clearwater  Fork  of  Toklat  River 
in  a  S.  60°  W.  direction  to  and  across  Moose  Creek.  It  is  not  cer- 
tain, however,  that  other  valuable  lodes  do  not  occur  outside  of  the 
belt  just  described.  There  is  abundant  quartz  float  outside  of  this 
belt,  but  in  the  higher  and  more  rugged  mountains  the  steep  slopes 
and  the  absence  of  a  continuous  surface  covering  of  vegetation  have 
rendered  prospecting  easiest,  and  most  of  the  prospects  lie  high  on 
the  ridges.  There  is  reason  to  expect  that  more  inten^ve  prospecting 
in  the  future  will  disclose  the  presence  of  many  other  veins  at  lower 
altitudes. 

All  the  lodes  so  far  found  occur  in  similar  geologic  surroundings. 
The  prevailing  rock  throughout  the  district  has  been  called  the  Birch 
Creek  schist,  as  it  is  believed  to  be  a  part  of  the  same  schist  series  that 
crops  out  in  the  area  between  Yukon  and  Tanana  rivers.  This  schist 
is  a  highly  metamorphosed  rock,  much  folded  and  contorted  and  show- 
ing a  variety  of  phases  from  place  to  place.  Acommon  phase  is  adenae 
quartzitic  rock,  locally  rather  massive  but  commonly  showing  much 
mica  and  exhibiting  a  more  or  less  well-developed  schistose  cleavage. 
Fine  silvery  mica  schists  with  highly  developed  cleavage  are  common 
and  in  places  are  studded  with  garnets.  Dark  carbonaceous  schists 
and  greenstone  showing  various  degrees  of  metamorphism  are  also 
present.  The  general  strike  of  the  foliation  of  the  schist  is  northeast, 
and  dips  at  all  angles  may  be  found,  as  the  beds  are  in  general  closely 
folded. 

The  larger  quartz  veins,  including  those  whose  principal  valuable 
metals  are  gold,  silver,  and  antimony,  all  cut  iixe  Birch  Creek  schist. 
There  is  a  marked  uniformity  in  the  direction  of  strike,  the  main 
veins  so  far  exposed  all  trending  between  N.  45°  E,  and  N.  70°  E. 
Although  this  trend  is  parallel  to  the  general  structure  of  the  schist, 
most  of  the  veins  cut  across  the  foliation  of  the  schist  that  incloses 
them.  The  ore-bearing  veins  dip  steeply,  from  50°  to  90°,  and  so 
far  as  can  be  made  out  hold  their  direction  of  strike  and  angle  of  dip 
rather  constantly.  They  thus  fall  into  a  different  category  from 
the  numerous  lenticular  and  distorted  veinlets  and  stringers  of  quartz 
that  are  so  common  in  the  schist  which  lie  parallel  to  its  foliation. 
The  ore-bearing  veins  here  described  therefore  occupy  fissures  that 
were  opened  and  filled  after  a  large  part  of  the  regional  metamor- 
phism to  which  the  schists  have  been  subjected  was  completed.  There 
has  been  some  movement  along  the  vein  openings  since  the  ore  was 
deposited,  but  this  may  be  ascribed  to  local  uplift  or  warping,  for  the 
veins  themselves  have  not  been  notably  deformed.    The  study  of  the 
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ore  deposits  was  hampered  by  the  meagemess  of  the  underground 
workings.  The  11  longest  tunnels  aggregate  891  feet,  and  the  two 
shafts  only  70  feet.  The  longest  tunnel  is  188  feet  from  portal  to 
breast,  and  5  tunnels  are  over  100  feet  long.  Several  of  the  tunnels 
are  now  caved  in  so  that  an  examination  was  impossible.  In  addi- 
tion to  the  underground  workings  the  veins  have  been  exposed  by  a 
large  number  of  open  cuts,  but  most  of  these  were  slumped  and  a 
thorough  examination  of  the  veins  in  them  was  impossible  without 
clearing  them,  time  for  which  was  not  available. 

The  different  veins  examined  vary  widely  in  the  abundance  of  their 
metallic  minerals  and  also  in  the  proportions  of  those  minerals  in 
respect  to  one  another.  The  assemblage  o£  minerals,  however,  is 
mu<^  the  same  in  all  the  mines.  The  more  important  minerals  recog- 
nized were  gold,  silver,  arsenopyrite,  pyrite,  galena,  sphalerite,  stib- 
nite,  and  chalcopyrite.  All  these  minerals  are  considered  to  be  pri- 
mary minerals — that  is,  they  were  brought  into  the  veins  directly  by 
the  ore-bearing  solutions  or  were  the  result  of  chemical  action  between 
those  solutions  and  the  inclosing  country  rock.  At  the  outcrops  of 
the  veins  there  is  in  places  a  shallow  zone  in  which  leaching  and 
oxidation  have  been  in  operation  and  secondary  minerals,  such  as  iron 
oxide  and  lead  carbonate,  are  found ;  but  this  surficial  zone  of  weather- 
ing is  shallow  and  tunnels  driven  into  the  quartz  veins  show  un- 
altered vein  material  only  a  few  feet  beneath  the  surface.  Along 
some  open  cracks  and  in  places  where  the  ore  is  shattered  and  broken 
the  effects  of -oxidation  and  weathering  have  penetrated  more  deeply. 

There  are  no  facilities  in  the  Kantishna  district  for  having  assays 
made,  and  such  ore  samples  as  are  taken  out  for  assay  by  the  pros- 
pectors are  in  general  sent  to  Fairbanks.  The  lack  of  easy  transpor- 
tation has  made  communication  with  Fairbanks  infrequent,  and  there 
is  a  long  delay  between  the  time  of  collecting  the  ore  sample  and  the 
receipt  of  the  assay  returns.  This  has  resulted  in  rather  haphazard 
prospecting,  for  the  prospector,  having  found  a  promising-looking 
quartz  ledge,  may  spend  several  months  in  development  work  before 
the  receipt  of  his  assay  returns  confirms  his  judgment  or  brings  him 
disappointment.  As  a  consequence  of  the  difficulties  in  procuring 
assays,  the  prospector  has  been  forced  to  rely  upon  such  simple  meth- 
ods of  determining  the  value  of  the  ore  as  he  has  at  hand.  The  most 
commonly  used  of  these  methods  is  to  grind  the  ore  in  small  hand 
mortars  and  pan  the  pulp  thus  obtained.  This  procedure  serves,  in  a 
way,  to  determine  the  presence  or  absence  of  free  gold,  but  the 
quantitative  results  are  uncertain  and  may  be  misleading.  Only  a 
small  piece  of  vein  material  can  be  crushed  at  a  time,  and  because 
of  the  labor  involved  the  prospector  is  likely  to  crush  only  what  he 
deems  to  be  the  most  promidng  pieces  q£  Qre  and  thus  to  rais«  ta3m 
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hopes  as  to  the  average  value  of  his  ore  body.  It  is  only  by  taking 
large  samples  across  the  entire  vein  at  frequent  inten^als  that  a 
determination  of  the  average  content  of  the  vein  may  be  obtained. 
Furthermore,  t«sts  made  by  mortar  and  pan  give  no  information 
concerning  the  gold  in  the  ore  that  is  not  in  the  form  of  free  gold. 
Most  gold-bearing  sulphide  ores  contain  a  certain  percentage  of 
gold  ao  entangled  witli  the  sulphides  that  it  can  not  be  released  by 
simple  crushing  and  amalgamation,  but  for  its  recovery  requires 
chemical  treatment  or  smelting.  The  amount  of  gold  so  carried  may 
be  sufhcient  in  quantity  to  justify  mining.  Reliable  assays  should  be 
made  to  obtain  definite  figures  on  the  value  of  the  ore,  in  order  to 
ascertain  whether  or  not  the  opening  of  a  mine  and  the  construction 
of  a  mill  are  justified. 

As  already  stated,  comparatively  few  assays  of  ores  from  this 
district  have  been  made,  and  most  of  those  are  not  available  for 
publication.  One  or  two  mining  engineers  have  made  ratlier  thor- 
ough examinations  of  certain  properties  and  have  collected  average 
samples  from  the  ore  bodies,  but  naturally  their  assay  returns  are 
not  to  be  had  for  general  use. 

DiflSculty  is  encountered  by  the  prospectors  in  this  district  in  keep- 
ing their  tunnels  in  repair  from  year  to  year.  A  short  distance  below 
the  surface  permanent  ground  frost  is  encountered,  and  most  of  the 
tunnels  when  driven,  in  winter,  are  dry.  After  a  tunnel  has  been 
opened,  however,  melting  begins  on  the  advent  of  warm  weather, 
and  ground  that  at  first  was  solid  and  required  no  timbering  begins 
to  slump.  As  a  result  many  tunnels  are  now  caved  in  and  inac- 
cessible. It  has  been  found,  however,  that  tight  bulkheads  and  close- 
fitting  doors  to  cut  off  the  circulation  of  air  keep  the  tunnels  frozen 
in  summer.  If  underground  work  is  done  in  summer  and  artificial 
ventilation  is  necessary,  this  tendency  of  the  ground  to  thaw  and 
slump  is  likely  to  necessitate  the  placing  of  heavier  and  more  numer- 
ous timbers  to  keep  the  workings  open  and  safe. 

In  the  following  pages  the  veins  are  described  in  the  order  in  which 
they  occur  from  east  to  west. 

GOLD-LODF.  PROSFECTS. 
MAHHOTB  OLAIH. 

At  the  head  of  Crevice  Creek,  a  tributary  of  Caribou  Creek,  an 
open  cut  has  been  excavated  on  the  Mammoth  claim,  situated  high 
on  the  side  of  Spruce  Peak,  about  500  feet  below  the  summit.  This 
cut  was  reported  to  have  slumped  in  and  so  was  not  visited,  but  it 
is  said  that  there  is  at  that  place  a  large  mineralized  quartz  vein, 
No  figures  concerning  its  gold  content  were  obtained. 
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LIOTD  FBOBTEOT. 

On  the  east  fork  of  Glen  Creek  a  short  distance  above  its  mouth  a 
tunnel  has  been  driven  24  feet  into  the  face  of  a  cliff  on  the  north 
side  of  the  stream.  At  the  tunnel  mouth  the  cliff  face  shows  a  large 
amount  of  siliceous  material  that  seems  to  be  a  rather  pure  quartzite, 
interbedded  with  the  schist.  Both  the  inclosing  schist  and  the  quartz- 
ite  have  been  twisted  into  a  close  sigmoid  fold  that  at  one  place  gives 
a  vertical  exposure  of  quartzite  18  to  20  feet  high.  The  quartzite 
has  been  mineralized,  and  some  vein  quartz  has  been  introduced  into 
it  Pyrite,  chalcopyrite,  and  sphalerite  were  recognized,  and  gold  is 
said  to  be  present  It  is  reported  that  no  work  has  been  done  on  this 
claim  for  several  years. 

BUKBOLST  ESOBTEOT. 

The  Humboldt  claim  lies  at  the  head  of  the  east  fork  of  Glen  Creek, 
oil  the  high  ridge  that  forms  the  crest  of  the  Kantishna  Hills  at  this 
place.  The  schist  here  strikes  N.  37°  W.  and  dips  27°  SW.  A  tun- 
nel said  to  be  48  feet  long,  driven  in  a  westerly  direction,  was  so 
caved  in  at  the  time  of  visit  that  it  could  not  be  examined.  It  was 
apparently  started  on  the  cropping  of  a  vertical  quartz  vein  that 
strikes  N.  55°  E.,  but  it  is  said  that  the  tunnel  diverged  from  the 
vein  and  that  do  quartz  showed  at  the  breast.  The  main  vein  is  3  to 
4  feet  wide  and  consists  of  milky  white  to  somewhat  stained  and 
rusty  quartz.  The  vein  is  massive  and  shows  no  noticeable  banding 
but  oontains  some  small  inclusions  of  schist  No  metalliferous 
minerals,  except  iron  oxide,  were  noted,  although  galena  and  sphal- 
erite are  reported.  Associated  with  the  main  vein  are  two  or  three 
other  smaller  parallel  veins,  all  lying  within  a  zone  that  measures 
about  30  feet  across,  yumerous  large  pieces  of  the  vein  quartz, 
broken  from  the  croppings,  lie  about  on  the  surface  near  the  tunnel 
mouth,  and  it  is  said  that  several  hundred  pounds  of  this  surface  ore 
was  shipped  to  Fairbanks  for  treatment  and  yielded  promising  re- 
turns, mostly  in  free  gold.  A  tent  and  blacksmith  shop  have  been 
erected  at  the  tunnel  mouth,  and  another  tent  stands  in  the  valley  be- 
low. No  one  was  working  on  this  property  at  the  time  it  was  visited 
(August,  1916). 

8K00E0VA  FaOBTEOT. 

A  number  of  open  cuts  have  been  excavated  on  the  top  of  the  hi^ 
ridge  about  1  mile  east  of  Glacier  Peak,  where  the  schist  strikes 
N.  20°  E.  and  dips  15°-30°  E.  Several  open  cuts  and  a  12-foot  shaft 
have  been  made  on  a  large  quartz  vein  that  seems  to  lie  parallel  to 
the  schistosity  and  apparently  has  a  maximum  thickness  of  20  feet. 
It  forms  a  capping  for  the  ridge  on  which  the  cuts  lie,  and  all  the 
103210"— 18— BuU.  662 21 


DicMzedbyGoOglC 


818  MINERAL  BESOUBCES  OF  ALASKA,  191G. 

principal  exposures  may  be  upon  the  same  vela.  The  quartz  is  char- 
acteristicallj  milk-white,  though  in  places  it  is  stained  by  iron  oxide. 
Little  evidence  of  mineralization  is  to  be  seen.  Not  enough  develop- 
ment work  has  been  done  to  show  positively  the  structure  or  relations 
of  this  quartz  body. 

Two  tunnels  have  been  driven  near  the  top  of  Glacier  Peak,  a  high 
mountain  on  the  ridge  between  the  heads  of  Glen  and  Glacier  creeks. 
At  this  place  the  schist  strikes  due  north  and  dips  40°  W.  The  upper 
tunnel,  now  caved  in,  is  said  to  be  40  feet  long,  with  a  winze  in  the 
end.  The  lower  tunnel  was  evidently  driven  to  cut  the  quartz  vein 
that  crops  out  on  the  slope  above.  As  judged  by  its  shattered  crop- 
pings  the  vein  appears  to  be  about  10  feet  wide  and  to  consist  of 
white  to  gray  banded  quartz.  Pyrite,  sphalerite,  and  possibly  galena 
were  noted  in  the  quartz  on  the  dump.  No  evidence  of  recent  work 
was  seen,  and  no  one  was  present  on  the  property  at  the  time  of  visit. 
It  is  said  that  the  quartz  carries  promising  amounts  of  gold,  but  no 
figores  were  obtained  as  to  the  average  gold  content. 

KoSOnAaALL  FKOSPEflT. 

The  McGonagall  prospect,  on  a  gold  quartz  vein,  lies  near  the  head 
of  Glacier  Creek,  at  an  elevation  of  approximately  3,400  feet.  A  sub- 
stantial cabin  has  been  erected  near  the  vein  cropping.  The  vein 
as  exposed  by  the  outcrops  and  in  an  open  cut  seems  to  strike 
N.  70°  E.  and  dip  50°  SE.,  and  it  is  said  to  show  a  maximum  thick- 
ness of  over  8  feet.  A  12-foot  tunnel,  driven  into  the  mountain  at 
the  vein  cropping,  is  lagged  except  at  the  breast,  which  showed  only 
schist.  On  the  surface  many  large  pieces  of  white  quartz,  some  2 
feet  in  diameter,  show  iron  oxide  along  the  broken  faces  and  inclose 
lenses  and  bunches  of  mica  schist.  Some  finely  disseminated  pyrit« 
was  observed  along  small  fractures  in  the  quartz. 

It  is  reported  that  the  best  ore  so  far  found  on  this  property  was 
taken  from  a  small  quartz  vein  in  the  creek  bed  below  the  cabin. 
A  ton  of  this  ore  has  been  dipped  to  Fairbanks  for  a  mill  test.  Ko 
one  was  present  on  this  ground  in  August,  1916. 

ftBEISB  FBOBFEOT. 

The  Greiss  prospect  ctmiprises  the  adjoining  Malachite  and 
Azurite  claims,  both  on  the  north  side  of  upper  Eureka  Creek.  On 
the  Malachite  claim  a  13-foot  tunnel  has  been  driven  on  the  north 
valley  slope,  opposite  the  upper  end  of  placer  claim  No.  13.  This 
tunnel,  evidently  driven  to  cut  a  zone  of  quartz-bearing  schist,  is  tim- 
bered but  ehowB  lo  the  breast  black  schist  with  anall  quartz  veinlets. 
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West  of  the  tunnel  an  open  cut  exposes  black  elate  schist,  finely 
banded  and  carrying  numerous  quartz  veinlets  lying  parallel  to  the 
foliation  of  the  schist,  which  strikes  N.  45°  E.  and  dips  30°  NW. 
Pyrite,  in  cubes  as  large  as  a  quarter  of  an  inch  in  diameter,  is  locally 
abundant  in  both  quartz  and  country  rock.  Tiny  calcite  veinlets  cut 
across  the  schistosity.  The  quartzose  zone  in  the  slate  schist  is  at 
least  i  feet  thick  and  contains  streaks  of  white  clayey  material  full 
of  quartz  fragments.  In  the  absence  of  the  owner  no  other  workings 
were  foimd,  and  no  information  was  gained  as  to  the  gold  content  of 
the  ore. 


A  group  of  claims,  said  to  be  named  the  Eureka  group  but  locally 
known  as  the  Taylor  property,  lies  on  the  north  valley  slope  of 
Eureka  Creek,  about  3  miles  above  its  mouth.  These  claims  hfrve 
been  developed  by  the  Lower  Eureka  and  Upper  Eureka  tunnels 
and  an  open  cut,  and  a  cabin  has  been  constructed  near  the  mouth  of 
a  southward-flowing  tributary  of  Glacier  Creek.  The  Lower  Eureka 
tunnel  is  situated  on  the  north  side  of  Eureka  Creek,  near  the  top  of 
a  steep  bluff.  It  is  timbered  for  20  feet,  but  lieyond  the  timbered 
part  it  is  caved  in.  The  total  length  of  the  tunnel  is  said  to  be  40 
to  50  feet.  This  tunnel  was  driven  on  a  mineralized  zone  that  is 
about  8  feet  wide  and  apparently  strikes  N.  25°  E.  and  dips  80° 
NW.  This  zone  has  a  distinct  hanging  wall,  though  the  footwall 
is  not  well  exposed.  It  contains  abundant  quartz  which-  incloses 
numerous  horses  and  lenses  of  schist,  -and  the  whole  is  much  crushed 
and  rusty,  the  broken  quartz  and  schist  being  in  part  recemented  by 
iron  oxide.  The  inclosing  schist  strikes  N.  15°  E.,  and  the  tunnel  is 
driven  in  a  direction  a  few  degrees  east  of  north.  The  surface  vein 
material  is  so  oxidized  and  coated  with  iron  rust  that  little  evidence 
of  other  mineralization  can  be  seen.  Some  pieces  of  quartz  on  the 
dump,  however,  show  white  quartz  with  finely  disseminated  pyrite, 
some  galena,  and  a  little  stain  of  copper  carbonate. 

The  Upper  Eureka  tunnel  is  over  600  feet  above  the  lower  tunnel 
and  about  4,000  feet  northeast  of  it.  It  was  driven  N.  67°  E.  for 
100  feet  and  has  three  branches,  the  total  length  of  underground 
workings  being  about  144  feet.  The  tunnel  is  driven  along  the 
strike  of  a  vertical  quartz  vein.  On  its  northwest  side  it  follows  the 
wall  of  the  vein,  and  on  its  southeast  side  it  has  a  straight,  smooth 
parting  in  the  vein  for  a  waU.  In  the  outer  100  feet  of  tunnel  the 
vein  quartz  is  shown  to  he  at  least  7  feet  wide,  and  one  wall  of  the 
vein  is  not  exposed.  There  has  been  some  movement  along  the  con- 
tact between  quartz  and  schist,  as  both  schist  and  vein  material  are 
somewhat  shattered  and  broken.  The  vein  as  a,  whole  is  fractured, 
and  the  broken  surfaces  of  quartz  are  covered  with  iixm  oxide. 
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At  100  feet  from  the  tunnel  entrance  another  quartz  vein  at  least  8 
feet  thick,  striking  N.  30°  W.  and  dipping  20°  SW.,  seems  to  cut 
off  the  main  vertical  Fein  on  which  the  tunnel  was  started.  Not 
enough  work  has  been  done  to  determine  the  relations  of  these  veins. 
The  country  rock  at  this  place  is  a  dense,  quartzitic  schist,  contain- 
ing mica  and  coarse  granules  of  quartz.  It  strikes  N.  30°  E.  and 
dips  24°  KW.  The  vein  material  ranges  from  white  glassy  to  gray 
mottled  quartz,  with  some  dark  rock  containing  quartz  and  sulphides, 
much  stained  and  discolored.  Iron  pyrite  is  widely  disseminated 
through  the  vein  filling,  and  locally  abundant  pyrite,  sphalerite,  and 
a  little  galena  were  seen.  No  report  was  obtained  as  to  the  gold  con- 
tent of  this  lode, 

PSKHBTLTAHIA  AVS   KETBTOHE   FBOSFXCTS. 

The  Pennsylvania  and  Keystone  claims  are  described  together,  as 
they  adjoin  each  other,  are  held  by  the  same  owner,  and  are  staked 
along  the  strike  of  veins  that  are  continuous  from  one  claim  to  the 
other.  These  claims,  which  lie  on  the  north  side  of  Eureka  Creek,  are 
crossed  by  Iron  Creek,  a  small  southeastward-flowing  tributary  of 
Eureka  Creek.  They  have  been  developed  by  a  large  number  of  open 
cuts,  although  no  underground  work  had  been  done  at  the  time  of 
visit. 

The  main  vein  on  this  property  is  a  quartz  vein  averaging  3  feet 
in  thickness,  striking  N.  50°  E,  and  dipping  56°  S.  It  crops  out  at 
the  point  of  discovery  on  the  Keystone  claim  and  has  been  traced 
thence  along  the  strike  northeastward  across  Iron  Creek  and  up  the 
opposite  side  of  that  valley.  About  twenty  open  cuts  made  by  strip- 
ping off  the  vegetation  and  loose  surface  material  show  that  the  vein 
is  continuous  and  preserves  its  direction  of  strike,  angle  of  dip,  and 
thickness  for  at  least  several  hundred  feet  along  the  outcrop.  In  the 
weathered  surficial  portions  of  the  vein  so  far  uncovered  the  quartz 
is  broken  and  oxidized  and  generally  rusty  in  appearance.  Arseno- 
pyrite  and  pyrite  are  abundant,  and  locally  the  quartz  is  heavily 
mineralized  with  arsenopyrite,  sphalerite,  and  galena.  Small  pieces 
of  vein  quartz  mortared  and  panned  as  a  rule  show  free  gold,  and  on 
many  pieces  of  ore  coarse  particles  of  free  gold  can  be  distinguished 
with  the  unaided  eye.  Development  work  had  not  progressed  far 
enough  to  disclose  the  vein  below  its  weathered  surface  portion,  and 
no  assays  of  average  samples  of  ore  had  been  made. 

In  the  valley  of  Iron  Creek,  100  feet  above  the  crossing  of  the  vein 
just  described,  there  is  another  quartz  vein  striking  N.  54°  E.  and 
standing  about  vertical.  This  vein  shows  a  maximum  of  6  feet  of 
quartz,  2  feet  of  which,  on  the  southeast  wall  of  the  vein,  is  banded 
and  broken.    The  quartz  contains  iron  sulphides,  imd  gold  can  be 
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panned  from  its  surface  croppings.  If  this  vein  maintains  a  trend 
uniform  with  that  at  the  place  where  it  has  been  uncovered,  it  should 
intersect  the  main  vein  a  ^ort  distance  east  of  Iron  Creek. 

An  open  cut  just  east  of  Iron  Creek,  made  to  intersect  the  main 
vein,  encountered  a  small  quartz  stringer  three-fourths  of  an  inch  to 

6  inches  wide,  in  the  oxidized  portion  of  which  were  pockets  of  very 
rich  gold  ore.  Several  ounces  of  fine  crystalline  gold  was  panned 
from  the  decayed  surface  of  this  veinlet,  and  specimens  were  pre- 
served that  showed  a  spongy  network  of  delicate  gold  crystals,  any 
sulphides  tiiat  may  twiginally  have  been  present  having  been  leached 
out  and  oxidised.  Only  a  small  amount  of  this  exceptionally  rich 
ore  was  found  in  the  small  excavation  at  that  place,  and  its  rdation 
to  the  main  vein  had  not  been  determined,  but  its  presence  indicates 
the  possibility  of  the  existence  of  rich  ore  shoots  in  these  veins; 

aOLD  SIXG  OI.AIII. 

The  Gold  King  prospect  lies  near  the  head  of  Iron  Creek,  high  on 
the  ridge  between  Eureka  Creek  and  the  head  of  Friday  Creek.  De- 
velopment work  on  this  claim  consists  of  two  tunnels,  the  lower  of 
which,  at  an  elevation  of  about  8,150  feet,  is  said  to  be  30  feet  long 
but  is  caved  20  feet  from  the  portal.  It  is  reported  that  in  this  tun- 
nel the  quartz  vein  averaged  i  feet  in  width.  About  50  feet  above  the 
lower  tunnel,  on  the  same  vein,  a  second  tunnel  has  been  driven  fcHT 

7  feet.  Here  the  quartz  vein,  which  strikes  N.  70°  E.  and  stands 
vertical,  is  shown  to  be  over  6  feet  wide,  only  one  wall  of  the  vein 
being  exposed.  The  inclosing  schist  is  fractured  and  disturbed  but 
strikes  about  N,  80°  E.  and  dips  20°  S.  The  freshly  fractured  vein 
quartz  ia  white  and  massive,  although  the  croppings  and  the  old 
fracture  faces  are  stained  with  iron  rust.  Arsenopyrite,  sphalerite, 
and  galena  were  noted,  and  the  oxidized  croppings  of  quartz  are 
said  to  assay  several  dollars  in  gold  to  the  ton  and  to  carry  a  trace  of 
silver.  The  residual  material  on  the  surface  is  reported  to  show 
colors  of  gold  on  panning. 

OOLDEV  BAALX  OZAOt. 

The  Golden  Eagle  Claim  is  at  the  head  of  Friday  Creek,  on  the 
ridge  that  separates  the  Friday  Creek  basin  from  that  of  Iron  Creek, 
a  tributary  of  Eureka  Creek.  The  property  is  developed  by  several 
open  cuts  and  by  a  tunnel.  The  open  cut  in  which  the  first  discovery 
was  made  showed  a  vein  cropping  3  feet  wide,  of  which  2  feet  con- 
sisted of  vein  material  heavily  mineralized  with  galena,  pyrite, 
sphalerite,  and  copper  carbonates  and  containing  considerable  free 
gold.  The  tunnel  was  driven  on  a  crushed  and  slickensided  zone,  to 
intersect  the  vein  shown  in  (he  open  cut.    The  inclosing  schist  there 
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Btrikes  N.  55°  E.  and  dips  51°  SE.,  and  the  crushed  zone  strikes  par- 
allel with  the  schist  but  dips  at  a  steeper  angle.  The  tunnel  has  a 
total  length  of  145  feet  and  shows  bunches  of  quartz  along  the 
crushed  zone,  within  which  both  quartz  and  schist  are  mineralized. 
The  heavily  mineralized  vein  material,  which  on  the  surface  showed 
a  width  of  2  feet,  in  the  tunnel  averages  only  a  few  inches  wide,  with 
a  maximum  of  18  inches,  but  its  gold  tenor  is  said  to  be  most  encour- 
aging. Tests  made  by  crushing  in  a  hand  mortar  and  panning  the 
pulp  show  abundant  particles  of  fr*e  gold,  and  assays  have  shown 
gold  to  the  amount  of  several  hundred  dollars  a  ton. 

LITTLZ  AMSIB  OLAIK. 

The  Little  Annie  claim  lies  on  the  northwest  side  of  tiie  Friday- 
Eureka  Creek  divide,  a  short  distance  below  the  summit.  In  addi- 
tion to  a  number  of  opsi  cuts  this  claim  is  developed  by  a  tunnel  with 
a  total  of  147  feet  of  underground  workings.  The  schist  country 
rock  here  strikes  N.  18°  W.  and  dips  15°  W.  The  main  tunnel  trends 
south  and  was  driven  to  intersect  a  vein  which  appears  in  an  open 
cut  on  the  hillside  above.  The  main  vein  was  encountered  90  feet 
from  the  portal,  and  a  drift  42  feet  long  was  driven  S.  59°  W.  along 
the  vein.  A  crosscut  60  feet  from  the  portAl  runs  S.  55°  W.  for  a 
distance  of  10  feet.  The  main  vein  comdsts  of  quartz,  is  from  3  to 
4  feet  thick,  and  dips  65°  SE.  The  footwall  is  sharply  defined  and 
is  much  slickensided,  with  horizontal  striations,  showing  that  hori- 
zontal movement  has  taken  place  between  the  vein  and  the  footwall 
since  the  quartz  was  deposited.  The  quartz  contains  disseminated 
pyrite  and  pans  a  little  gold.  No  galena  or  E{>hal^ite  was  seen 
in  the  underground  workings,  but  these  minerals  are  probably 
present,  for  pieces  of  solid  galena  several  inches  in  diameter  have 
been  found  on  the  surface  near  the  outcrop  of  the  vein.  A  piece  of 
this  float  galena  on  assay  yielded  124  ounces  of  silver  to  the  ton. 

Between  the  footwall  of  the  main  vein  and  the  10-foot  crosscut 
there  is  a  zone  27  feet  wide,  lying  parallel  to  the  main  vein,  in  which 
the  schist  is  so  intricately  cut  by  small  quartz  veinlets  a  few  inches  in 
thickness  that  more  than  half  of  the  whole  zone  appears  to  be  com- 
posed of  quartz.  Assays  of  the  vein  material  have  shown  that  the 
quartz  carries  a  lew  dollars  a  ton  in  gold. 

SILySB  PICK  OLAIK. 

The  Silver  Pick  claim  lies  southwest  of  the  Little  Annie  and 
Golden  Eagle  claims,  on  the  same  ridge  and  at  about  the  same  eleva- 
tion. It  is  developed  by  several  open  cuts  and  by  a  straight  tunnel 
188  feet  long,  driven  S.  80°  E.  The  schist  country  rock  strikes 
S.  6°  W.  and  dips  50°  W.    At  the  tunnel  portal  one  edge  of  a  quartz 
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vein  that  paimed  gold  was  cut,  but  the  thickness  of  this  vein  was 
not  determined.  At  54  feet  from  the  portal  a  vein  striking  N.  35°  E. 
and  dipping  68°  NW.  was  penetrated.  This  vein  is  5  feet  thick 
and  is  composed  of  rusty  quartz  containing  numerous  bunches  of 
galena.  A  picked  sample  of  this  galena  is  said  to  have  assayed 
several  hundred  ounces  of  silver  to  the  ton,  and  the  ore  is  said  to 
carry  a  fraction  of  an  ounce  of  gold  to  the  ton. 

The  main  vein  near  the  breast  of  the  tunnel  consists  of  a  13-foot 
zone  striking  N.  35"  E.  and  dipping  67"  SE.  and  is  therefore  ap- 
proximately parallel  in  strike  with  the  vein  already  described  but 
lies  130  feet  to  the  northeast.  It  consists  of  a  1-foot  layer  of  calcite 
on  the  footwall,  above  which  is  a  12-foot  zone,  more  or  less  sheeted, 
of  quartz  and  schist,  the  quartz  predominating  in  hulk  over  the 
country  rock.  In  this  zone  there  is  little  galena  to  be  seen  in  the 
tunnel,  but  galena  is  abundant  along  the  outcrop  of  the  vein.  The 
whole  zone  is  brecciated  and  leached,  and  large  open  cracks  extend 
from  the  tunnel  to  the  surface.  Pyrite,  arsenopyrite,  and  small 
amounts  of  galena  and  sphalerite  were  observed. 

dALZlTA  GLAIK. 

The  Galena  claim  lies  on  the  northeast  side  of  Moose  Creek,  on 
the  end  of  the  ridge  that  divides  the  Friday  Creek  basin  from 
that  of  Eureka  Creek.  The  development  work  consists  of  a  num- 
ber of  open  cuts,  now  caved  in,  and  a  tunnel,  evidently  driven  to 
intersect  a  vein  that  was  exposed  in  the  open  cuts.  The  tunnel, 
which  runs  S.  50°  E.,  is  27  feet  long  and  has  a  6-foot  crosscut  at  the 
breast,  where  a  distinct  plane  of  movement,  with  some  gouge, 
strikes  N.  43"  E.  and  dips  63"  SE.  Adjoining  the  gouge-filled 
fracture  and  on  the  footwall  side  of  it  is  a  body  of  quartz,  white 
to  mottled  with  blue-gray  patches,  that  is  heavily  mineralized  with 
pyrite,  arsenopyrite,  galena,  and  sphalerite.  Any  one  of  these  sul- 
phides may  occur  in  nearly  pure  bunches,  or  they  may  all  be  inti- 
mately intermingled.  Galena  was  seen  in  nearly  pure  stringers  2 
inches  or  moru  thick,  and  an  assay  of  it  yielded  131  ounces  of  ailver 
to  the  ton. 

There  is  no  sharp  break  between  ore  body  and  country  rock  on 
the  footwall  side  of  the  vein,  the  mineralization  merely  becoming 
less  as  the  distance  from  the  hanging  wall  increases.  Veinlets  of 
ore  extend  into  the  coimtry  rock  but  pinch  out  within  short  distances. 
So  far  as  could  be  determined  by  an  examination  of  the  short  stretch 
of  the  lode  exposed  in  the  crosscut,  the  heaviest  mineralization 
occurred  within  4  feet  of  the  gouge-filled  fracture.  Exploration  has 
not  been  carried  beyond  that  fracture,  and  the  presence  or  absence 
of  ore  beyond  it  has  not  been  determined.    The  owner  was  not  in  the 
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districc  at  the  time  tJiis  property  was  visited,  and  the  proportion  of 
gold  to  sUver  in  the  ore  is  not  known,  although  it  is  reported  that 
gold  is  present,  and  the  deposit  ia  classed  as  a  gold  lode. 

OTHEB  aOLO-LODS  PKOfiPEflTS. 

Many  lode  claims  in  addition  to  those  already  described  have 
heen  staked  in  this  mining  district,  and  on  some  of  them  the  annual 
assessment  work  is  done.  Other  prospects  have  been  staked  and 
later  abandoned.  It  has  been  the  intention  of  the  writer  to  describe 
here  only  those  properties  that  seemed  of  sufficient  importance  to 
the  owners  to  warrant  underground  development  or  the  excavation 
of  sufficient  open  cuts  to  expose  the  vein.  It  may  well  prove,  how- 
ever, that  some  veins  which  have  received  little  attention  may  upon 
exploration  show  great  promise,  and  undoubtedly  the  district  con- 
tains many  veins  that  have  not  yet  been  discovered. 

ANTIUONT  UODBB. 
OZIIESAL  7EATUXZS. 

Within  the  Eantishna  district  there  are  several  claims  held  for 
their  content  of  the  antimony  trisulphide,  stibnite.  Genetically  the 
antimony  lodes  are  directly  related  to  the  gold  lodes  above  described. 
The  veins  have  the  same  association  of  minerals,  but  they  contain 
antimony  in  large  masses;  whereas  in  the  gold  lodes  antimony,  al- 
though occasionally  recognized,  is  a  minor  constituent.  The  pres- 
ence of  veins  containing  considerable  masses  of  stibnite  has  been 
known  since  the  first  years  of  mining  activity  in  this  region,  but  the 
remoteness  of  the  district  and  the  prevailing  low  price  of  antimony 
prevented  the  exploitation  of  the  antimony  deposits,  although  a 
minor  amount  of  development  work  was  done  on  two  of  them.  After 
the  outbreak  of  the  European  war  the  price  of  antimony  rose  from 
5  to  7  cents  a  pound  to  the  unprecedented  price  of  37J  to  40  cents  at 
the  end  of  1915.  As  a  result  of  this  great  demand  interest  in  the 
Alaska  stibnite  ores  increased,  and  production  began  at  several 
mines.^  In  the  Kantishna  district  the  response  to  the  increased  price 
of  antimony  was  somewhat  sluggish,  for  communication  with  that 
district  is  slow,  and  much  uncertainty  existed  as  to  the  value  of  anti< 
mony  on  any  particular  date. 

Furthermore,  it  was  not  feasible  to  take  ore  to  the  navigable 
waters  of  Kantishna  River  except  by  sled  in  winter,  and  thence  by 
boat  the  following  summer  to  Tanana.  Even  from  the  Tanana  sev- 
eral weeks  would  elapse  before  the  ore  could  be  delivered  to  a  pur- 
chaser in  the  States.    It  is  apparent,  therefore,  that  at  least  three  or 
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four  months  and  possibly  a  longer  time  must  elapse  between  the  date 
of  rniping  antimony  ore  in  the  Kantishna  district  and  its  delivery  at 
the  market.  When  to  the  cost  of  mining  is  added  the  transportation 
charge  of  sled  and  small-boat  haulage  to  the  Tanana  and  of  freight 
thence  to  Seattle  or  San  Francisco,  no  great  margin  of  profit  is  left 
for  the  producer  even  at  the  highest  war  prices.  In  addition  to  this 
high  cost  there  was  also  to  be  considered  the  instability  of  the  market 
and  the  possibility  of  a  sudden  drop  in  the  price  of  antimony.  At  40 
cents  a  pound  for  antimony  there  might  be  a  fair  profit  in  shipping 
stibnite  ore  from  this  district.  At  25  or  30  cents  a  pound  the  producer 
might  face  a  serious  loss.  As  a  result  little  mining  was  done  on  stib- 
nite ore  in  191S,  and  none  was  shipped.  In  1916  some  ore  was  mined 
and  stacked,  but  at  the  time  of  this  writing  no  antimony  from  the 
Kantishna  has  reached  the  market. 

TAXLOB  Knrs. 

The  Taylor  mine,  or,  as  it  is  commonly  called,  the  Antimony  mine, 
lies  near  the  head  of  Slate  Creek,  a  headward  tributary  of  Eldorado 
Creek.  The  property  was  first  staked  in  1907,  but  t^e  title  lapsed, 
and  the  ground  was  restaked  by  the  present  owner.  It  is  said  to 
include  a  group  of  claims,  but  development  work  has  been  confined 
to  the  driving  of  a  tunnel  97  feet  long,  with  22  feet  of  crosscuts,  and 
to  the  excavation  of  an  open  cut  immediately  above  the  tunnel.  As 
shown  in  the  open  cut  and  tunnel,  a  strong  fissure  along  which  move- 
ment has  taken  place  strikes  X.  50°  E.  and  dips  82°  SE.,  and  this 
fissure  limits  in  most  places  the  southeastern  extent  of  the  main  ore 
body,  although  a  little  ore  appears  on  the  southeast  side  of  this 
fissure.  The  ore  body  has  a  maximum  width  of  15  feet  and  consti- 
tutes a  reticulated  stockwork  of  quartz  and  stibnite,  with  irregular 
bunches  and  horses  of  decomposed  clayey  schist,  all  much  broken 
and  confused.  The  inclosing  quartzite  schist  strikes  north  and  dips 
28°  E. 

The  stibnite  occurs  in  veins  and  veinlets  of  almost  pure  stibnite 
as  much  as  2  feet  wide,  and  also  in  irregular  lenses  and  bunches. 
Some  of  it  is  solid  and  unaltered,  but  in  other  places  the  ore  is 
crushed  and  broken  and  consists  of  small  fragments  of  quartz  and 
stibnite  recemented  by  yellow  and  reddish  secondary  oxidation 
products  that  upon  analysis  are  found  to  consist  of  the  antimony 
ochers  stibiconite  wid  kermesite.  The  principal  ore  bodies,  which 
occur  within  6  or  8  feet  of  the  main  fissure,  seem  to  lie  in  the 
stockwork  obliquely  to  the  main  fissure,  the  ore  lenses  and  vein- 
lets  in  general  dipping  60°  NW.  Tlie  stibnite  occurs  predominantly 
as  aggregatas  of  acicular  crystals,  but  masses  of  fairly  granular 
material  are  also  present    llie  ore  so  far  mined  was  estimated  to 
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consist  of  about  125  tons  of  hand-sorted  stibnite.  Most  of  this  ore 
was  taken  from  the  open  cut.  That  excavated  from  the  tunnel  was 
of  lower  grade,  as  it  contained  smaller  bunches  of  pure  stibnite  and 
more  quartz  and  schist.  In  the  absence  of  facilities  for  machine 
concentration  much  stibnite  that  could  not  be  separated  from  the 
gangue  by  hand  sorting  was  thrown  on  the  dump.  Three  men  were 
employed  on  this  property  in  1916.  A  project  was  under  way  to 
bring  in  motor  trucks  to  be  used  in  hauling  the  antimony  ore  from 
the  mine  to  navigable  water  on  McKinley  Fork  of  Kantishna  River, 
at  a  point  about  4  miles  above  the  abandoned  town  of  Koosevelt, 
from  which  the  ore  was  to  be  taken  by  small  boat  to  Tanana  River. 

OABIBOV  LODE. 

In  the  basin  of  Caribou  Creek  near  the  mouth  of  Last  Chance 
Creek,  a  tributary  from  the  southeast,  there  is  a  stibnite-bearing  lode 
on  which  some  development  work  has  been  done.  This  lode  was  vis- 
ited by  Prindle  ^  in  1906,  and  the  following  description  of  the  prop- 
erty is  made  from  information  procured  by  him  and  by  the  writer. 
Little  work  has  been  done  on  it  since  1906,  and  at  the  time  the  prop- 
erty was  visited  in  1916  the  shafts  were  full  of  water  and  inacces- 
sible. The  property  consists  of  two  lode  claims,  the  Pioneer  and 
the  Caribou,  which  lie  across  the  lower  valley  of  Last  Chance  Creek. 
Two  shafts  have  been  sunk,  one  40  feet  deep  on  the  west  bank  of 
Last  Chance  Creek  and  another  30  feet  deep  on  the  east  bank.  The 
rein  strikes  N.  40°  E.  and  dips  about  about  67°  SE.  It  is  approxi- 
mately 4  feet  wide  and  consists  of  a  mixture  of  quartz  and  stibnite. 
In  the  western  shaft  a  vein  of  pure  stibnite  1  foot  wide  is  said  to  lie 
along  the  northwest  wall  and  to  become  narrower  toward  the  bot- 
tom of  the  shaft  The  quartz  is  masrave  to  crystalline  and  is  in- 
timately intergrown  with  the  stibnite,  which  occurs  as  a  mixed  ag- 
gregate of  fine-grained,  massive  sulphide  intermingled  with  acicu- 
lar  crystals  2  inches  or  more  in  maximum  length.  Within  the 
coarsely  crystalline  stibnite  there  are  many  long  individual  quartz 
prisms  lying  parallel  with  and  surrounded  by  the  stibnite.  The  coun- 
try rock  inclosing  the  vein  is  hornblende  schist,  which  is  much  con- 
torted, but  which  in  the  main  strikes  N.  65°  E.  and  dips  35°  NW. 
On  Cariboo  Creek,  several  hundred  feet  northeast  of  the  shafts, 
is  the  outcrop  of  a  fissure  striking  N.  45°  E,  and  dipping  75°  SE., 
which  is  believed  to  be  the  continuation  of  the  antimony  lode  but 
which  at  Uiat  place  shows  only  a  little  quartz. 

Three  samples  of  antimony  ore  collected  from  this  property  in 
1906  were  assayed.    One  yielded  4  ounces  of  silver  to  the  ton,  one 
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2.76  ounces  of  silver  and  0.12  ounce  of  gold,  and  the  third  0.12  ounce 
of  gold  but  no  silver.  Another  sample,  assayed  for  gold  only, 
yielded  0.02  ounce  to  the  ton.  Xo  ore  from  this  lode  has  been 
marketed. 

fllAXVESE  LOSE. 

About  2  miles  above  the  mouth  of  Stampede  Creek,  a  tributary  of 
Clearwater  Fork  of  Toklat  Biver  from  the  southwest,  on  the  south- 
east valley  wall,  a  claim  has  been  staked  on  a  lode  deposit  of  stib- 
nite,  here  called  the  Stampede  lode.  The  only  development  work 
that  has  been  done  is  the  excEivation  of  a  large  open  cut  in  1916. 
The  country  rock,  a  reddish  quartzit«  schist,  at  the  nearest  outcrop 
to  the  lode  that  seemed  undisturbed  strikes  northwest  and  dips  30° 
KE,  At  the  lode  outcrop,  near  the  top  of  a  rounded  ridge,  the 
surface  is  covered  by  a  mantle  of  disintegrated  rock,  and  the  schist 
itself  is  much  disturbed  by  frost  and  by  creep,  so  that  it  is  difficult 
to  ascertain  the  relation  between  the  ore  and  the  country  rock.  In 
the  floor  of  the  open  cut  and  exposed  at  its  face  is  a  large  body  of 
nearly  pure  stibnite,  apparently  at  least  12  feet  thick  across 
the  vein.  The  ore  in  the  face  of  the  cut  wag  faulted  and  slicken- 
sided,  and  no  good  exposures  of  the  contact  of  ore  with  schist  were 
seen.  A  little  quartz  is  present  in  the  ore,  but  one  man  had  in  tiiree 
weeks  removed  and  stacked  40  or  50  tons  of  selected  stibnite  almost 
entirely  free  from  visible  gangue  or  impurities,  much  of  it  in  lumps 
6  inches  to  1  foot  in  diameter.  The  vein  in  which  the  stibnite  occurs, 
probably  as  a  large  lens,  strikes  northwest  and  apparently  dips  65° 
SW.  A  branch  vein  of  stibnite  is  seen  by  the  distribution  of  broken 
surface  ore  to  strike  northeast.  The  stibnite  is  mostly  in  the  form 
of  a  close-grained,  massive  aggregate  in  which  small  scattered  crys- 
tals may  be  distinguished.  Some  more  coarsely  crystalline  stibnite 
is  also  present,  but  in  subordinate  amounts.  It  is  reported  that  a 
sample  of  ore*  from  this  vein  showed  on  assay  69.8  per  cent  of  anti- 
mony, 1  per  cent  of  arsenic,  and  no  silver  or  lead. 

Another  vein  carrying  stibnite  with  much  intermingled  quartz 
is  said  to  crop  out  on  the  opposite  side  of  Stampede  Creek  along 
the  general  direction  of  strike  of  the  Stampede  iode,  hut  no  develop- 
ment work  has  been  done  on  it 


OCCDRRBNCB. 

Tertiary  depoats  containing  lignitic  coal  occur  at  intervals 
throughout  the  area  considered  in  this  report.  They  are  widespread 
just  east  of  Kenana  River,  in  the  Nenana  coal  field,  where  deeply 
cut  valleys  expose  numerous  beds  of  lignite.    The  coal-besring  beds 
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are  overlain,  in  the  N'enana  field,  by  a  heavy  body  of  ozidiz«d  gravels 
that  in  many  places  seems  to  rest  conformably  upon  them.  West 
of  Nenana  Kiver,  in  the  Ktntishna  area,  outcrops  of  both  the  coal* 
bearing  beds  and  the  succeeding  gravels  are  found  here  and  tiiere 
near  the  north  flank  of  the  Alaska  Hange,  at  least  as  far  westward 
as  the  headwaters  of  Bearpaw  River,  and  at  some  of  these  localities 
beds  of  lignite  occur.  No  single  exposure  discloses  lignite  in  the 
abundance  in  which  it  is  foun<l  in  the  Nenana  field,  and  it  is  doubt- 
ful if  such  beds  are  to  be  found  elsewhere.  The  area  of  coal  beds 
and  the  quantity  of  lignite  coal  west  of  Nenana  River,  however, 
may  be  out  of  proportion  to  the  amount  to  be  seen  in  the  outcrops. 
In  this  area  the  beds  are  not  generally  dissected  by  deep  valleys 
with  bare  walls,  as  on  Lignite  and  Healy  creeks,  but  are  bared  by 
the  cutting  of  small  gullies.  Furthermore,  a  widespread  blanket 
of  later  gravel  deposits  covers  the  coal-bearing  areas,  so  that  out- 
crops are  scarce  and  poor.  The  widespread  geographic  distribution 
of  the  localities  in  which  beds  of  the  coal-bearing  series  occur,  how- 
ever, and  the  presence  in  these  beds  of  lignitic  coal  at  widely  sepa- 
rated localities,  indicate  that  there  may  be  present  beneath  a  cover- 
ing of  younger  materials  a  much  larger  quantity  of  lignite  than  is 
now  known. 

In  the  following  paragraphs  is  given  a  brief  description  of  the 
localities  west  of  Nenana  River  at  which  beds  of  lignite  were  seen. 

TEKLANIKA    BASIN. 
BATAOE  rOSX. 

A  number  of  exposures  of  lignite  were  seen  in  the  basin  of  Savage 
Fork,  the  eastern  branch  of  Teklanika  River.  The  southernmost  of 
these  occurs  near  Ewe  Creek,  a  small  westward-Bowing  tributary 
that  drains  the  north  slope  of  the  schist  mountains  north  of  the 
divide  between  Dry  Creek  and  Savage  Fork.  About  a  mile  above  the 
mouth  of  Ewe  Creek,  on  its  north  side,  is  a  prominent  light-colored 
bluff  composed  of  decayed  schist  and  blue-white  clays.  Just  east 
of  the  bluff,  at  the  mouth  of  a  small  southward-flowing  stream,  a 
2-foot  bed  of  weathered  lignite  is  exposed,  but  its  relations  are  ob- 
scured by  vegetation  and  waste  material,  A  few  hundred  yards  up 
the  same  small  gulch  a  10- foot  bed  of  lignite  striking  about  east  and 
dipping  80"  S.  forms  a  waterfall  in  the  gulch.  As  the  schist  crops 
out  only  a  short  distance  north  and  south  of  this  exposure,  it  is 
probable  that  the  area  underlain  by  coal  at  that  place  is  small. 

On  the  north  side  of  Ewe  Creek,  extending  from  its  mouth  east- 
ward for  nearly  a  mile,  a  bed  of  lignite  showing  a  maximum  observed 
thickness  of  9  feet  crops  out  at  intervals  at  the  edge  of  the  stream 
flat.    The  relations  of  the  lignite  to  the  overlying  and  underlying 
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beds  are  not  exposed.  The  bed  strikes  N.  76°  E.,  and  as  it  dips  about 
20°  N.  beneath  the  broad  benches  north  of  the  outcrop,  it  may  have 
an  area  of  several  square  milee.  The  lignite  was  free  from  partings 
and  appeared  to  be  of  about  the  same  grade  as  the  average  lignite  of 
the  Kenana  field. 

On  the  west  side  of  Savage  Fork,  about  a  quarter  of  a  mile  below 
the  mouth  of  Ewe  Creek,  an  imperfect  exposure  in  the  stream  bluff 
shows  a  short  section  of  a  14-foot  lignite  bed,  which  strikes  N.  85°  E., 
dips  15°  N.,  and  is  overlain  by  40  feet  of  cross-bedded  sandstone.  The 
coal-bearing  beds  are  covered  unconfonnably  at  the  top  of  the  bluff 
by  8  feet  of  coarse  yellow  gravel,  above  which  lies  20  feet  of  fine 
gravels.  About  1^  miles  below  this  outcrop  an  excellent  exposure 
along  the  same  bluff  shows  a  total  of  25  feet  and  8  inches  of  lignite 
in  five  beds,  as  indicated  below : 

Seetton  of  tiffnite-bearing  hedi  c 


Terrace  Bravele... 
llDCODformity. 
Olay 


Gray  sttndstone  _, 


Dark-Eray  Ehale.- 
LlKht-gray  Bhale.- 


Dark-gray  shale— 
Oray  sands-^ 


Dark-gray  shale.. 

Gray  sands 

Lignite 


Th.ese  beds  at  the  south  end  of  the  exposure  strike  about  N.  20°  W. 
and  dip  10°  W.,  but  toward  the  north  end  the  dip  steepens  in  a  sharp 
flexure.  There  a  lignite  bed,  poorly  exposed  but  apparently  6  or  fi 
feet  thick,  crops  out  and  is  seemingly  at  a  higher  stratigraphic  posi- 
tion than  the  top  of  the  section  given  above.  The  whole  coal-bearing 
series  is  covered  unconfonnably  at  the  top  of  the  bluff  by  terrace 
gravels.  On  the  east  side  of  Savage  Fork,  a  short  distance  above  the 
exposure  just  described,  a  bed  of  lignite,  much  disturbed  by  surface 
creep  but  apparently  8  feet  thick,  crops  out  in  a  small  tributary  val- 
ley. Its  relations  are  not  clear,  but  it  Is  probably  to  be  correlated 
with  one  of  the  beds  in  the  saction  given  above. 
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The  numerous  lignite  outcrops  observed  in  this  poitioii  of  the 
Savage  Fork  basin,  between  the  schist  hills  on  the  south  and  the 
high  gravel  ridges  on  the  north,  indicate  that  tiiere  is  at  this  place  an 
area  of  probably  several  square  miles  that  is  underlain  by  lignite  in 
beds  of  workable  thickness.  Time  was  not  available  for  the  careful 
structural  work  necessary  for  outlining  the  probable  extent  of  the 
several  lignite  beds. 

A  tittle  impure  lignite  was  observed  in  the  east  bank  of  Savage 
Fork  about  IJ  miles  above  its  mouth,  but  no  considerable  lignite  beds 
were  seen  there. 

SASCTVAXT  BtTXS. 

On  the  east  side  of  Sanctuary  River  3  mUes  above  its  mouth  a 
15- foot  bluff  along  the  stream  shows  a  3- foot  lignite  bed,  interbedded 
with  gray  clays  and  gravels.  The  beds  have  here  been  compressed 
into  an  anticlinal  fold,  on  the  north  flank  of  which  the  lignite  dips 
downward  below  the  stream  level.  The  general  strike  of  the  anticline 
is  east. 

TOELA.T  BASm. 
EAST  70SK  07  TOSLAT  XTVXK. 

The  East  Fork  of  Toklat  Kiver  is  formed  by  the  junction  of  a 
number  of  northward-flowing  streams  that  drain  from  the  crest  of 
the  Alaska  Kange.  Below  their  confluence  there  is  a  considerable 
amount  of  lignite  upon  the  stream  bars  in  pebbles  and  in  small  piles 
of  fragments  formed  by  the  weathering  of  larger  pieces.  The  source 
of  this  material  was  not  ascertained,  but  it  is  almost  certainly  in  ihe 
basin-like  depression  that  fonns  a  low  divide  extending  from  a  point 
near  the  head  of  East  Fork  of  Toklat  River  to  the  Toklat  at  its  forks. 

TOKLAT  BITES. 

On  Toklat  River  near  its  upper  forks  a  low  pass  connects  that  basin 
with  the  valley  of  upper  Stony  Creek.  Three  miles  above  the  mouth 
of  the  stream  flowing  eastward  from  the  pass  three  beds  of  lignite, 
from  1  to  4  feet  in  thickness,  cropping  on  the  south  side  of  the  stream 
were  seen  by  members  of  the  Survey  party  but  were  not  visited  by  the 
writer.  In  the  same  valley,  about  1  mile  above  the  mouth  of  the 
stream,  a  bluff  composed  of  the  shales,  gravels,  and  sands  of  the  coal- 
bearing  series  shows  n  2-inch  bed  of  impure  lignite. 

KANTISIINA   BASIN. 

Moose  Creek,  a  headward  tributary  of  Bearpaw  River,  in  the 
Kantishna  basin,  heads  in  the  high  mountains  9  miles  northeast  of  the 
terminus  of  Muldrow  Glacier.    Near  the  extreme  head  of  this  stream 
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there  is  a  basin-like  area  floored  with  beds  of  the  Tertiary  coal-bear- 
ing series,  and  a  number  of  exposures  show  thin  beds  of  carbonaceous 
material  and  impure  lignite.  At  one  locality  near  the  Moose  Creek- 
Stony  Creek  divide,  on  the  north  side  of  the  valley  and  350  feet 
above  its  floor,  is  the  weathered  outcrop  of  a  12-foot  lignite  bed,  which 
strikes  N.  80°  E.  and  dips  55"  S.  This  bed  seems  to  lie  near  the  base 
of  the  coal-bearing  series  at  that  place  and  overlies  a  purple,  discolored 
shale,  beneath  which  is  volcanic  material.  The  lignite  croppings  were 
observed  for  a  short  distance  along  the  flank  of  the  mountain,  but  the 
areal  distribution  of  this  bed  is  not  known,  though  its  structural  rela- 
tions indicate  that  it  dips  beneath  the  beds  to  the  south,  and  in  this 
basin  it  may  possibly  have  an  area  of  a  few  square  miles. 

Lignite  fragments  were  seen  also  6  miles  below  the  lignite  exposure 
just  described,  in  the  stream  gravels  of  the  northeast  fork  of  Moose 
Creek.  A  hasty  examination  failed  to  disclose  the  bed  from  which 
the  scattered  fragments  were  derived,  but  it  is  reported  that  a  bed 
of  lignite  10  feet  thick  is  exposed  along  the  south  bank  of  that  stream 
about  2  miles  above  its  mouth.  Coal  from  this  place  has  been  taken 
to  the  placer  mines  on  Moose  Creek  and  is  said  to  be  of  fair  quality. 
Lignite  is  also  reported  to  occur  in  the  canyon  along  the  north  edge 
of  Muldrow  Glacier,  a  few  miles  above  its  terminus. 

Some  fragments  of  lignite  were  noted  on  the  bars  of  Glacier  Creek 
about  IJ  miles  above  its  mouth.  The  deposit  from  which  they  were 
derived  was  not  seen,  but  it  is  evident  that  the  coal-bearing  fonnation 
is  present  in  this  locality,  although  for  the  most  part  covered  by 
younger  gravels. 
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GOLD  PLACERS  OF  THE  ANVIK-ANDREAFSEI  REGION. 


By  G.  L.  Harrinqton. 


INTRODUCTION. 

The  Anvik-Andreafski  region,  as  considered  in  this  report,  em- 
braces the  territory  north  and  west  of  the  lower  Yukon  River, 
between  Anvik  and  Andreafski  rivers.  The  area  covered  by  surveys 
in  1916,  extending  from  longitude  159°  40'  to  163°  20'  W.  and  from 
latitude  61°  30'  to  63°  40'  N.,  is  approximately  2,000  square  miles. 

Topographic  and  geologic  traverses  were  made  on  the  Yukon 
frcMU  Anvik  to  Andreafski  and  up  Anvik,  Bonasila,  Stuyahok,  and 
Andrea&kl  rivers  as  far  as  was  practicable  under  the  limitations 
of  the  short  season.  The  intervening  stretches  of  country  that  were 
inaccessible  from  the  boat  were  not  visited.  Sixteen  days  was  also 
spent  in  the  vicinity  of  Marshall  in  studying  the  mineral  resources 
and  in  topographic  and  geologic  mapping. 

The  work  was  in  chai^  of  R.  H.  Sargent,  topographic  engineer, 
the  writer  being  attached  to  the  party  as  geologist  C.  F.  Bailey 
and  C.  E.  Anderson  acted  as  recorder  and  cook,  respectively. 

The  writer  wishes  to  express  to  each  member  of  the  party  his 
appreciation  of  their  cordial  aid  in  the  furtherance  of  the  geologic 
work.  To  Mr.  Sargent  especially  he  feels  under  great  obligations 
for  hearty  cooperation  both  in  the  field  and  in  office  work.  Cheerful 
acknowledgment  is  made  of  the  indebtedness  of  the  members  of  the 
party  to  Bev.  J.  W.  Chapman  and  others  at  Anvik,  who  assisted  in 
the  preparation  for  field  work.  To  every  miner,  prospector,  and 
merchant  met  during  the  summer  thanks  are  due  for  hospitality  and 
cooperation. 

RELIEF. 
OENEBAI.  CHABACTEB. 

In  general  the  relief  of  the  region  is  moderate.  The  highest  point 
attains  on  altitude  of  about  2,700  feet,  and  there  are  comparatively 
few  small  isolated  areas  lying  above  2,000  feet.  Along  the  west 
and  north  bank  of  the  Yukon  there  are  in  places  sharply  dissected 
areas,  but  as  a  whole  the  forms  are  those  of  a  mature  topography, 
so  that  the  country  presents  a  rolling  aspect.  Quite  as  extensive  as 
these  uplands  are  the  wide,-  poorly  drained  lowlands  that  occupy  the 
intermontane  areas. 
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The  uplands  are  scarcely  of  sufficient  eleTation  to  merit  the  term 
mountains,  although  here  and  there  a  point  rises  well  above  the 
general  level  and  furnishes  a  conspicuous  and  easily  identified  land- 
mark. Of  this  character  are  Bonasila  Dome,  Chiniklik,  and  Pilcher 
Mountain. 

Bonasila  Dome  lies  east  of  the  Stuyahok  and  south  of  Bonasila 
River,  and  its  isolation,  together  with  its  peculiar  form  (a  cone 
on  tho  crest  of  a  gently  crowning  dome),  gives  it  prominence  from 
whatever  point  it  is  seen.     This  peak  is  alsa  called  Simel  Mountain. 

The  peak  known  by  the  guttural  native  name  Chiniklik,  frequently 
corrupted  by  the  whites  to  Cheneegly,  though  the  hi^est  and  most 
conspicuous  peak  in  the  area,  is  only  4  miles  from  the  Yukon.  It  lies 
8  miles  above  Eussian  Mission  and  12^  miles  below  Tuckers  Point. 
This  mountain  was  seen  from  points  along  Anvik  Biver,  from 
Andreafski,  and  from  practically  all  the  intermediate  stations, 
except  those  at  the  water's  edge  on  the  banks  of  the  Yukon.  Its 
conical  outline,  with  shoulders  a  few  hundred  feet  below  the  apex, 
readily  identifies  it.  This  peak  is  visible  from  many  points  along 
the  crest  of  the  divide  between  the  Yukon  and  Andrea&ki  drainage 
basins  and  from  points  far  south  of  the  Kuskokwim. 

Pilcher  Mountain,  about  5  miles  east  of  Marshall,  rises  well  above 
the  immediately  adjacent  hills  and  is  topographically  prominent 
because  of  the  exceptionally  well  developed  altiplanation  terraces 
on  all  sides  but  the  east. 

The  softer  sedimentary  rocks  of  Mesozoic  age  are  everywhere,  ex- 
cept near  the  Yukon,  marked  by  the  gentle  slopes  and  rounded  crests 
that  are  characteristic  of  a  mature  topography.  Elsewhere  tlie 
drainage  is  that  of  an  area  past  maturity  in  the  cycle  of  erosion, 
but  the  crests  of  the  hills  present  a  terraced  appearance.  The  origin 
of  these  forme  has  been  described  by  Eakin,*  who  termed  the  process 
altiplanation.  These  terraces  are  be^  developed  in  the  areas  of 
igneous  rocks  at  the  higher  elevations.  To  a  minor  degree  altiplana- 
tion has  taken  place  in  some  of  the  more  indurated  sedimentary 
rocks,  especially  in  the  vicinity  of  intrusives. 

The  lowlands  may  be  subdivided  into  two  classes — the  lowlands 
that  lie  above  the  flood  level  of  the  Yukon  and  those  that  are  in- 
fluenced by  its  highest  stages.  The  first  class  includes  the  broad 
plains  that  are  here  characteristic  of  the  tributary  valleys  of  the 
Yukon.  Bedrock  crops  out  along  the  streams  only  here  and  there 
and  not  at  all  for  several  miles  above  their  mouths.    Alluviation  has 
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proceeded  so  far  that,  except  in  their  headward  portions,  the  streams 
flow  in  meandering  courses  with  many  oxbow  sloughs  formed  by 
abandoned  meanders.  In  the  area  which  lies  within  the  influence 
of  the  Yukon  are  to  be  placed  the  wide  stretches  of  lowland  that 
extend  to  the  Kuskokwim,  east  and  south  of  the  Yukon.  The  gra- 
dients of  the  larger  tributary  have  been  lowered  to  such  an  extent 
by  alluviation  that  they  are  controlled  by  the  Yukon  at  all  bat  the 
lowest  stages.  Five  miles  up  the  Bonasila  was  seen  debris  which  un- 
doubtedly came  from  the  Yukon.  It  is,  therefore,  conceivable  and 
even  probable  that  the  alluvial  material,  which  is  now  being  laid 
down  over  the  bottom  lands  in  the  lower  reaches  of  this  and  other 
tributaries,  is  in  large  part  derived  from  the  overloaded  flood  waters 
of  the  Yukon,  which  deposit  a  considerable  portion  of  their  burden 
in  the  slack  water  of  the  embayments  furnished  by  these  stream 
mouths. 

DRAINAGE. 

To  the  geologic  structure  was  due  the  original  position  and  direc- 
tion of  many  of  the  streams,  but  other  factors  have  affected  their 
later  history,  and  the  former  courses  have  been  somewhat  modified 
by  alluviation  and  lateral  erosion.  The  valley  occupied  by  Stuya- 
hok,  Bonasila,  and  Anvik  rivers  aflfords  an  excellent  example  of 
stream  trend  initially  controlled  by  the  underlying  bedrock  struc- 
ture, and  the  Yukon,  above  Holy  Cross,  trends  in  the  same  general  di- 
i-ection.  Structural  control  is  also  evident  in  the  vicinity  of  Marshall 
and,  in  part  at  least,  along  the  north  fork  of  Andreafski  Kiver. 

The  region  considered  in  this  report  lies  wholly  within  the  Yukon 
drainage  basin,  but  the  wide,  flat,  lake-dotted  delta  between  the 
Yukon  and  the  Kuskokwim,  opposite  and  below  Russian  Mission, 
has  so  little  relief  that  the  watershed  between  the  two  rivers  is  diffi- 
cult of  location.  So  far  as  could  be  ascertained,  there  are  few  places, 
except  near  the  coast,  that  rise  even  so  high  as  lOO  feet  above  either 
of  the  rivers.  At  high  stages  of  water  much  of  this  lowland  is  in- 
undated. Ihiring  the  spring  of  1916  the  small  steamer  Taiui  left  the 
Yukon  through  a  slough  near  Pilot  station  and,  entering  the  Kas- 
hunuk  River,  reached  Bering  Sea  through  Hazen  Bay.  Essentially 
similar  conditions  are  to  be  found  in  the  delta  of  the  Innoko.  At 
high  water  this  river  may  be  reached  through  any  one  of  several 
mouths,  from  a  point  several  miles  above  Anvik  to  the  last  slough, 
about  11  miles  below  Paimiut.  Other  tributaries  of  the  Yukon  enter 
that  river  from  the  west  and  north  after  passing  through  consider- 
able delta  areas,  modifled  by  overflow  from  the  Yukon  and  trunca- 
tion of  their  fronts  by  the  larger  river.  Bonasila,  Koserefski,  Kuyu- 
kutuk,  and  Chyilnuk  rivers  and  many  of  the  smaller  creeks  enter 
the  Yukon  through  sloughs.    Lakes  are  characteristic  of  the  flood 
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plains  of  some  of  these  streams  throughout  their  lower  reaches  and 
were  especially  noted  in  the  broad  depression  occupied  by  Knyu- 
kutuk  and  Chvilnuk  rivers,  which  resembles  in  this  regard  the  re- 
gion between  the  Yukon  and  Koskokwiia. 

CLIMATE. 

The  climate  of  the  Anvik-Andreafski  region  is  intermediate  in 
character  between  that  of  the  upper  Yukon  and  the  coastal  region 
from  Norton  Sound  to  Bristol  Bay.  The  proximity  of  Bering  Sea 
has  a  stabilizing  influence,  so  that  the  summer  temperatures  are  not 
so  high,  nor  as  a  rule  are  the  winter  temperatures  so  low  as  those  of 
the  upper  Yukon,  although  north  winds  may  occasionally  bring  aboat 
similar  conditions  in  the  two  areas.  From  the  records  the  precipita- 
tion appears  ta  be  greater  in  this  region  than  at  coast  points  and  al- 
most double  that  of  points  in  the  upper  Yukon  Valley.  In  any  two 
consecutive  seasons  there  is  likely  to  be  considerable  difference  in  the 
amount  of  rainfall  and  in  the  times  when  precipitation  takes  place, 
but  normally  the  greatest  precipitation  occurs  after  the  middle  of 
July.  In  1916  records  were  kept  from  June  15  to  September  10,  in- 
clusive. In  the  40  days  from  June  15  to  July  25  there  was  some  pre- 
cipitation  on  21  days,  or  52  per  t^ent.  From  July  25  to  September  10 
there  was  some  precipitation  on  115  days  of  the  48,  or  73  per  cent. 

Kecords  of  the  time  of  opening  and  closing  of  the  Yukon  at  Holy 
Cross  have  been  kept  for  a  considerable  nun^r  of  years,  and  there 
is  probably  under  normal  ctmditions  very  little  difference  between 
the  dates  at  this  point  and  others  as  far  down  the  Yukon  as  An- 
dreaf ski.    These  dates  may  be  summarized  as  follows : 

Ice  began  runntog  In  spring  between  April  29  and  Jtme  L 

River  clear  of  ice  between  May  21  and  June  3. 

Ice  began  to  tona  in  nutumn  between  October  5  and  October  18. 

Elver  closed  between  October  19  and  November  S. 
It  was  noted  that  the  rains  are  usually  brought  by  southerly  winda 
and  that  northerly  winds  prevail  during  periods  of  fair  weather. 
The  southerly  winds  are  frequently  of  such  force  as  to  impede  navi- 
gation  seriously,  as  the  steamboats  are  likely  to  be  driven  aground  on 
some  of  the  numerous  bars  of  the  river,  and  the  seas  caused  by  the 
wind  make  navigation  dangerous  for  any  small  boat  except  a  dory  or 
one  of  the  skin  boats  of  the  natives.  The  activity  of  the  wind  as  an 
erosive  agent  was  observed  many  times  on  the  sand  bars  in  the  river, 
for  as  soon  as  the  surface  became  dry  it  would  drift  before  the  wind 
and  pile  up  in  small  irregular  hummocks  or  dunes.  Cross  sections  of 
dunes  thus  formed  were  exposed  here  and  there  in  the  cut  banks  of  the 
Yukon. 
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VEGETATION. 

Within  the  area  crossed  by  the  expedition  of  1916  the  conditions 
affecting  vegetal  growth  are  so  diverse  that  a.  corresponding  diversity 
of  plant  typea  is  reasonably  to  be  expected.  In  the  vicinity  of  Anvilc 
the  lowlands  are  well  timbered,  although  sn  approach  to  the  tundra 
conditions  found  below  Andreafski  is  presaged  by  the  lowering  of 
timber  line  compared  with  upper  river  points.  In  the  vicinity  of 
Anvik  timber  line  is  about  600  to  800  feet  above  the  river ;  in  favor- 
able localities,  sach  as  sheltered,  well-drained  valleys,  it  extends  some- 
what higher.  No  spruce  was  seen  growing  on  the  Yukon  below  An- 
dreafski, but  scattered  stumps  of  spruce  and  an  occasional  straggling 
birch  indicate  a  former  scanty  growth  of  these  trees  to  elevations 
from  100  to  200  feet  above  Andreafski  Eiver.  From  the  hills  back  of 
Andreafski  small  patches  of  spruce  may  be  seen  scattered  through 
the  flat  in  the  cottonwood  and  willow  thickets  extending  along  the 
Yukon  above  this  poinL  The  best  growths  of  spruce  are  found  along 
gullies,  on  slight  eminences  in  the  lowlands,  or  near  the  banks  of 
streams.  Farther  back  from  the  smaller  streams  in  the  lowlands, 
where  drainage  is  poor,  the  growth  is  usually  scattered  and  stunted. 
Wherever  spmce  is  found  on  well-drained  hill  slopes  birch  generally 
occurs  also,  together  with  small-leafed  poplar  or  quaking  aspen. 
Extensive  growths  of  dkese  trees  are  apparently  less  common  than  in 
the  Tanana  basin.  On  Anvik  and  Bonasila  rivers  the  birch  bark  is 
used  by  the  natives  in  making  their  canoes.  Tamarack  grows  in 
opcoi  groves  in  the  more  boggy  places  along  the  Anvik  and  Bonasila 
and  was  seen  occaaonally  along  the  Yukon. 

Throughout  the  lower-lying  portions  of  the  area  cottonwood  and 
several  species  of  willow  constitute  the  most  abundant  element  of  the 
forests.  Some  of  the  bars  that  have  barely  emerged  from  the  river 
are  covered  with  a  dense  growth  of  willows  a  few  inches  high. 
Alders  are  found  at  considerably  higher  elevations  than  any  timber 
treea  They  cover  the  slopes,  in  places  occurring  almost  at  the  crests 
of  the  hilla  or  ridges,  where  some  protection  is  afforded  by  the  de- 
pressions in  the  headward  portions  of  the  streams. 

Grasses  are  surprisingly  plentiful  in  variety  and  amount  every- 
where in  the  area,  so  that  horse  feed  could  easily  be  obtained  for  out- 
fits traveling  by  pack  train.  This  was  espwially  true  along  the 
tributaries  of  the  Yukon.  On  the  Stuyahok  there  are  many  beauti- 
ful open  parks  ciaitaining  luxuriant  growths  of  grass,  and  at  almost 
every  point  where  a  stop  was  made  there  was  an  abundance  of 
forage.  On  the  hilltops  and  most  of  the  slopes  a  large  part  of  the 
vegetal  covering  consists  of  mosses  and  lichens,  but  there  is  still 
a  conmderable  amonnt  of  horse  feed  to  be  found  even  here.  On  the 
river  bars  there  is  usually  an  abundance  of  the  variety  of  Equiaetum 
called  mare's-tail,  and  occasionally  the  pea  vine  is  found. 
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When  the  party  left  the  field  (September  7)  there  had  been  no 
frosts  of  sufficient  severity  to  destroy  the  nourishing  qnalities  of  tiie 
grasses,  but  the  season  of  1916  was  probably  exceptional  in  this  re- 
spect, and  killing  frosts  may  ordinarily  be  expected  early  in  Sep- 
tember. 

Fairly  extensiTe  agricultnral  operations  have  been  carried  on  for 
a  number  of  years  by  the  mission  at  Holy  Cross.  The  native  grasses 
in  natural  meadows  on  the  flood  plain  of  the  Yukon  below  the  mis- 
sion are  cut  and  cured  for  forage  or  are  utilized  as  pasture.  A  con- 
siderable variety  of  vegetables  are  grown  for  private  use.  Any  sur- 
plus is  sold  and  finds  a  ready  mariiet  along  the  river.  At  Anvik  some 
gardening  is  done,  and  several  varieties  of  vegetables  mature.  The 
season  without  frost  appears  to  be  slightly  longer  here  than  farther 
up  the  Yukon. 

Along  the  lower  course  of  the  Anvik  are  grass-covered  areas  almost 
wholly  free  from  brush  or  timber.  These  natural  meadows  could 
doubtless  be  used  for  pasture  or  the  grass  cut  for  hay.  Similar  areas 
were  seen  on  other  streams,  but  there  appear  to  be  rather  few  along 
the  Yukon. 

ANIMAL  LIFE. 

Animal  life  is  abundant  in  the  region,  but  there  is  little  large 
game.  Though  only  one  small  black  bear  was  seen,  the  tracks  were 
fairly  common  along  the  sand  bars.  Brown  bear  are  reported. 
Keither  caribou  nor  moose  were  seen,  and  it  is  said  that  there  are  none 
in  this  part  of  Alaska.  Their  former  presence  in  great  numbers  is 
recorded  by  the  earlier  explorers,  and  on  some  of  the  ridges  their 
trails  are  still  visible.  Domesticated  reindeer  are  herded  in  the 
southern  part  of  the  area,  and  small  bands  are  pastured  near  Mar^all 
and  Andreafski, 

Of  smaller  animals  a  few  rabbits  and  an  occasional  fox  were  seen. 
Fox  tracks  were  very  frequently  observed  along  the  river  bars,  where 
the  foxes  had  been  stalking  aquatic  birds.  Beaver  dams  and  houses 
were  seen  on  the  Stuyahok,  and  there  was  also  evidence  of  the  pres- 
ence of  ermine,  mink,  marten,  and  muskrats  on  this  and  other  streams. 
To  judge  from  their  tracks  porcupines  are  fairly  common.  The  red- 
backed  mouse  was  frequently  observed. 

Ducks  were  seen  almost  constantly  on  the  streams  tributary  to'the 
Yukon.  Creese  were  abundant  on  the  Stuyahok  and  lower  Bonasila, 
and  in  the  fall  they  were  seen  in  flocks  of  hundreds  on  the  Yukon 
and  Andreafski.  Large  flocks  of  ducks  were  also  seen  on  the  An- 
dreafski, as  well  as  smaller  flocks  of  swans  and  cranes. 

On  clear-water  streams  having  a  good  current  grayling  were  taken 
with  a  fly,  and  no  difficulty  was  experienced  in  getting  as  many  as 
were  desired.   Occasionally  a  trout  was  caught,  but  they  sewned  less 
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numerous  than  the  grayling.  Fish  wheels  and  fishtraps  are  used  on 
the  Yukon  for  catching  salmon  and  whitefish.  The  sahnon  are 
smoked  and  dried  or  salted  down  to  be  eaten  during  the  winter,  by 
dogs  as  well  as  men.  The  whiteBsh  are  used  largely  as  summer  feed 
for  the  dogs.  Trout,  pike,  and  pickerel  are  also  said  to  be  taken  by 
the  fish  wheels  or  in  nets.  Considerable  quantities  of  fish  of  the 
various  kinds  are  caught  in  large  dip  nets,  which  are  handled  with 
consummate  skill  by  the  natives.  In  winter  whitefish  are  caught 
through  holes  in  the  ice,  the  natives  using  for  bait  an  artificial 
minnow  made  of  bone  or  ivory. 

GEOLOGY. 

In  general  the  geology  of  the  region  is  fairly  simple,  although 
faulting  and  a  moderate  amount  of  folding  have  complicated  the 
structure  somewhat,  so  that  detailed  mapping  would  be  difficult- 
Difficulties  of  this  kind  are  increased  by  the  widespread  occurrence 
of  Quaternary  sediments  and  residual  rock  debris,  which  obscure  or 
completely  conceal  the  distribution  of  the  underlying  rock  units. 
The  banks  of  the  Yukon,  however,  present  excellent  sections  and 
afford  opportunity  for  stratigraphic  studies. 

A  series  of  greenstone  tuffs  and  flows  with  some  intercalated  sedi- 
mentary beds  of  upper  Carboniferous  age  are  the  oldest  rocks  found. 
Their  distribution  is  indicated  on  the  accompanying  map  {PI.  XVI). 
Locally,  as  at  Bareface  Bluffy  these  rocks  appear  to  be  mainly  sedi- 
mentary in  origin.  In  the  vicinity  of  Marshall  they  are  much  de- 
formed and  are  almost  wholly  recrystallized,  so  that  they  are  now 
epidote-homblende  schists.  Their  original  composition  was  prob- 
ably andesltic  or  basaltic. 

Overlying  the  greenstones  is  a  thick  series  of  conglomerates,  sand- 
stones, and  argillitic  rocks  of  Cretaceous  age.  Locally,  metamorphism 
has  produced  quartzites,  slates,  or,  as  near  Marshall,  sheared  con- 
glomerates. Although  the  Cretaceous  sequence  as  a  whole  gives 
the  impression  of  a  succession  of  rather  thin  beds,  some  thick 
masses  of  sandstone  and  grit  were  se«i  in  which  no  trace  of  bed- 
ding was  apparent  A  large  proportion  of  the  sandstones  are 
fel(^pathic,  and  from  the  nature  of  the  individual  feldspar  grains  it 
is  inferred  that  the  greenstones  were  the  source  of  a  large  amount  of 
the  material  that  makes  up  the  Cretaceous  rocks.  In  the  rock  on 
Andreafski  River,  however,  the  feldspars  are  much  more  acidic 
than  those  found  in  the  greenstone  and  presumably  came  from  soda 
granite  or  from  dioritic  rocks. 

No  evidence  of  the  Tertiary  age  of  any  of  the  rocks  seen  was 
found,  but  it  is  possible  that  some  early  Tertiary  beds  may  be  in- 
cluded in  areas  mapped  aB  Cretaceous. 
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Intrusive  and  extrusive  igneoas  rocks  of  a  number  of  types  are 
foiind  in  this  region.  Soda  granite  and  dioritic  tocks  occur  in  batho- 
liths  and  dikes,  which  may  belong  to  two  periods  of  igneous  activity — 
early  Mesozoic  and  Tertiary.  Accompanying  the  later  of  these  in- 
trusions were  dacite  and  andesite  dikes,  flows,  and  tuffs,  of  which 
the  dikes  are  known  to  intrude  Cretaceous  sediments. 

At  numerous  places  in  the  northern  part  of  the  area  are  basalt 
flows  and  tuffs,  presumably  of  late  Cretaceous  or  early  Tertiary  age. 
They. are  in  part  vesicular,  in  part  amygdaloidal,  and  in  part  dense 
and  containing  little  cavity  space.  At  and  west  of  Hussian  Mission 
are  basalt  dikes  and  flows  which  are  thought  to  have  been  extrava- 
sated  in  late  Tertiary  or  Quaternary  time. 

Sediments  of  Quaternary  age  are  of  widespread  occurrence  and 
include  deposits  of  probable  marine  origin,  as  well  as  the  products 
of  stream  alluviation.  The  marine  sediments  appear  in  the  high 
cut  banks  of  silt,  sand,  and  gravel  along  the  Yukon  and  its  tribu- 
taries and  are  not  everywhere  readily  distinguishable  from  the  later 
stream  deposits.  In  addition  to  the  various  types  of  sediments,  vege- 
tation and  the  debris  due  to  the  weathering  of  the  underlying  rock 
form  a  mantle  that  conceals  the  nature  and  relations  of  the  older 
formations. 

MINERAL  RESOURCES. 
HISTOBY  OF  KINING  DEVKU)PHEITT. 

Oold  has  long  been  known  to  occur  on  Anvik  River  in  amounts 
sufficient  to  stimulate  prospecting,  but  no  rich  deposits  have  yet  been 
found.  Its  presence  on  many  other  streams  in  the  area  has  also  been 
known  to  some  of  the  prospectors  of  the  region.  Wilson  Creek  had 
received  some  attention,  but  it  was  not  until  July  15,  1913,  that  gold 
was  discovered  on  this  stream  by  E.  L.  Mack  and  Joe  Mills.  A 
stampede  followed,  and  practically  all  the  streams  near  by  were  cor- 
ered  with  locations,  Willow  Creek  among  the  number.  It  was  not 
until  June  of  the  following  year,  however,  that  gold  was  discovered 
on  this  stream  by  W.  C.  Blanker,  Ben  Blanker,  and  Robert  Barr. 
Some  quartz  claims  were  located  near  the  head  of  Willow  Creek  in 
August,  1914,  by  Tom  Plunkett,  Up  to  the  beginning  of  1916  the 
district  had  produced  about  $40,000. 

To  facilitate  recording  the  Wade-Hampton  district  was  estab- 
lished, with  the  recorder's  o&ce  at  Marshall.  It  is  that  part  of  the 
second  judicial  district  south  of  a  line  drawn  along  the  crest  of  the 
divide  between  Yukon  River  and  Bering  Sea,  starting  at  a  point  be- 
tween Pastol  Bay  and  the  Yukon  and  extending  to  the  one  hundred 
and  sixty-first  meridian.  The  boundary  of  the  district  follows  the 
one  hundred  and  sixty-first  meridian  to  a  point  within  5  miles  of  the 
Kuskokwim,  runs  parallel  to  the  Kuskokwim  at  a  distance  of  5  miles 
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to  the  sixtieth  degree  of  north  Utitude,  and  thence  goes  due  west 
to  Bering  Sea  and  northward  to  the  point  of  beginning.  Islands 
adjacent  to  the  Bering  Sea  coast  are  included  within  the  district 

ECONOMIC  TACTOBB  ATPECTINa  MIinNa. 

Timber  is  fairly  plentiful  for  such  operati<His  as  have  been  con- 
flucted.  Oq  Klephant  and  Disappointment  creeks  fuel  could  be 
procured  for  a  time  from  the  bottoms  of  the  valleys.  Extensive  oper- 
ations, using  steam  power,  would  necessitate  the  hauling  of  wood 
from  the  vaUey  of  Wilson  Creek.  Alders  are  the  only  trees  found  on 
Willow  Creek  above  claim  No.  2  below  Discovery ;  consequently  all 
the  fuel  used  for  producing  power  is  obtained  from  the  gentle  foot 
slope  between  Spruce  Creek  and  the  hills.  This  wood  costs  $5  a 
cord  to  cut,  and  by  the  time  it  is  laid  down  at  the  mine  plant  ready 
to  use  there  is  an  additional  charge  of  $5  to  $7  for  labor  and  hauling. 

Wages  are  about  the  same  as  at  other  interior  Alaska  point& 
Miners  are  paid  $5  a  day  and  board,  and  hoistmen,  blacksniths,  and 
cooks  receive  $7  and  board.  Two  shifts  of  eight  hours  are  employed 
by  the  larger  plants;  the  smaller  plants  work  but  one  shift.  Employ- 
ment was  given  to  everyone  who  wished  to  work  when  there  was  a 
full  sluice  head  of  water.  Natives  are  employed  around  the  camp 
but  do  no  mining.    They  are  paid  $2  to  $3  a  day. 

The  camp  on  Willow  Creek  is  easily  accessible.  About  3  miles  from 
the  camp  Spruce  Creek  flows  into  small  lake  which  empties  through 
a  slough  into  the  Yukon,  rising  and  falling  with  it.  Supplies  may  be 
brought  to  the  landing  on  the  lake  by  gasoline  boats  or  in  scows,  and 
one  of  the  smaller  steamboats  also  brought  a  barge  load  of  lumber 
up  to  the  lake.  The  freight  rate  from  Marshall  to  the  landing,  about 
8  nules  by  boat,  is  $15  a  ton.  From  the  landing  the  rate  is  $30  a  t<m 
to  the  lower  claims  on  the  creek  and  $40  a  ton  to  points  as  far  up  as 
claim  No.  6  above.  The  winter  rate  will  probably  be  much  lower. 
The  rate  from  Seattle  to  Marshall  by  way  of  St.  Michael  is  $45.50 
a  ton  on  general  merchandise. 

In  1916,  on  account  of  traffic  conditions,  there  was  a  scarcity  of 
some  conunodities  at  Marshall.  The  following  prices  per  pound  were 
paid  for  staples  oa  the  creek : 


-  10.10 


Sugar |0.1Si 

Butter .erj 

Reindeer  meat .  26  to .  30 

Beef .46  to.  50 

Potatoes .071 


Lumber  was  difficult  to  obtain  until  a  barge  load  was  brought  down 
from  Ruby.    This  sold  at  $80  per  thousand  feet  at  the  lake. 
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QOLD  PLACEB8. 

Wn^ON  CREEK. 

Until  the  summer  of  1916  most  of  the  mining  in  the  Marshall  dis- 
trict had  been  done  on  Wilson  Creek  and  its  tributaries.  In  the 
spring  of  1916  a  small  dump  was  taken  out  on  Elephant  Creek,  and 
early  in  the  summer  considerable  ground  was  worked  at  the  mouth 
of  Disappointment  Creek.  At  the  time  of  the  writer's  visit,  about 
the  middle  of  August,  there  was  no  one  working  in  the  Wilson  Creek 
basin. 

Mining  had  been  done  by  underground  methods  on  claim  "Ko.  5 
above"  on  Elephant  Creek,  although  the  ground  is  comparatively 
shallow.  It  is  understood  that  an  hydraulic  installation  is  to  be 
made,  the  water  to  be  obtained  from  the  headwaters  of  this  stream. 
The  ground  on  claims  above  and  below  No.  5  will  be  stripped  and 
mined  by  hydraulic  methods. 

The  workings  on  Wilswi  and  Disappointment  creeks  have  been 
confined  to  about  two  claims  at  the  mouth  of  the  latter,  over  a  maxi- 
mum width  of  about  300  feet.  The  gravels  containing  gold  in  quan- 
tities sufficient  to  justify  mining  appear  to  have  been  irregularly 
distributed,  as  work  was  done  at  several  spots  separated  from  one 
another  by  unworked  ground.  Open-cut  methods  had  been  em- 
ployed. The  deposits  are  shallow,  apparently  not  over  10  or  12  feet 
deep  to  bedrock.  The  upper  2  to  3  feet  of  this  material  is  composed 
of  soil  and  vegetable  matter  and,  with  some  of  the  underlying  gravel, 
was  stripped  off  by  ground  sluicing.  The  lower  stratum  of  gravel 
containing  the  gold  was  shoveled  into  sluice  boxes.  It  is  said  that 
holes  sunk  at  the  mouth  of  Disappointment  Creek  failed  to  reach 
bedrock  at  a  depth  of  35  feet.  They  were  then  abandoned  on  account 
of  water  coming  in.  No  mining  has  been  done  in  the  deeper  gravels 
of  the  main  stream. 

The  principal  mineral  found  in  the  concentrates  is  hematite,  prob- 
ably coming  from  what  is  believed  to  be  the  weathered  outcrop  of  a 
pyritized  sedimentary  bed  farther  up  the  creek.  In  addition  to  the 
hematite  there  is  a  small  amount  of  magnetite,  which  occurs  in  char- 
acteristic octahedra. 

The  bedrock  is  sedimentary  in  origin.  It  was  not  seen  in  the 
creek  bed,  but  slate  and  conglomerate,  together  with  fine  grit,  appear 
along  the  south  bank  of  Wilson  Creek  just  above  Disappointment 
Creek,  and  these  rocks,  together  with  some  dark-gray  chert,  make  up 
most  of  the  gravels.  Some  pebbles  are  derived  from  dikes  that  cut 
the  sedimentary  rocks  and  from  the  igneous  rocks  at  the  head  of  the 
creek.  The  gravels  are  mostly  small  and  well-rounded  pebbles,  8 
inches  being  about  the  average  diameter  of  the  largest  cobbles  seen. 
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The  finer  material  of  the  gravels  is  parti;  ferruginous,  and,  although 
it  disintegrates  readily  in  the  sluice  boxes,  on  exposure  to  the  air  it 
hardens  and  cements  the  larger  pebbles  into  a  conglomerate. 

WOAJOW  CREEK. 

WilloTT  Creek  heads  against  Disappointment  Creek,  and  the  divide 
rises  700  or  800  feet  above  the  claims  on  which  most  of  the  mining  has 
been  done.  Mining  has  been  confined  to  the  west  fork  of  the  creek 
and  to  the  claims  from  No.  2  below  to  No.  K  above  Discovery;  the 
latter  claim  covers  some  ground  on  the  western  one  of  the  small  forks 
near  the  head  of  this  stream.  Some  prospecting  has  been  done  on 
No.  6  above  and  on  other  claims  below  No.  2  below  Discovery,  but 
at  the  time  of  visit  development  had  not  progressed  sufficiently  to 
warrant  the  undertaking  of  mining  operations. 

Two  small  plants  were  operating  on  "No.  5  above,"  shoveling  into 
sluice  boxes.  Prospecting  was  being  done  on  Nos.  8  and  4  above 
Discovery,  and  it  appears  probable  that  some  mining  will  he  done  on 
these  claims  in  1917.  Power  plants  were  working  on  "  No.  2  above," 
the  upper  half  of  "No.  1  above,"  and  the  upper  half  of  Discovery 
claim.  On  Nos.  1  and  2  above  Discovery  the  auriferous  gravel  is 
wheeled  in  barrows  to  a  bucket  and  then  hoisted  to  the  lines  of  sluice 
boxes,  which  have  been  placed  on  the  side  of  the  hill.  A  portion  of 
the  stripping  is  done  in  the  same  way,  but  some  of  the  overburden  ia 
removed  by  sluicing. 

The  plant  operating  on  the  upper  half  of  Discovery  claim  will 
also  work  the  lower  half  of  "  No.  1  above."  As  these  claims  lie  below 
the  steep-walled  portion  of  the  valley,  the  line  of  sluice  boxes  is 
mounted  on  trestles  to  get  the  necessary  grade  and  dump  room  for 
tailings.  A  novel  feature  at  this  property  is  that  both  stripping 
and  hoisting  are  done  by  a  slack-line  scraper,  a  modification  of  the 
drag-line  scraper  used  in  other  Alaska  mining  districts.  The  bucket 
has  a  capacity  of  li  cubic  yards.  On  account  of  the  large  size  and 
angularity  of  the  boulders  and  the  extremely  uneven  and  blocky 
character  of  the  bedrock,  some  difficulties  have  been  experienced 
with  this  equipment.  It  appears  likely  that  the  bedrock  will  have 
to  be  cleaned  by  hand,  as  it  is  on  other  properties.  The  conditions 
of  operation  on  Willow  Creek  for  a  scraper  of  this  type  are  probably 
as  difficult  as  will  be  found  anywhere  else,  and  its  successful  opera- 
tion here  would  merit  an  investigation  into  the  possibilities  of  its 
economical  use  at  other  Alaskan  camps.  On  Disappointment  Creek 
the  rounded  and  smaller  gravels  appear  to  offer  more  favorable  con- 
ditions for  such  an  installation  than  are  afforded  by  any  of  the 
placer  ground  on  Willow  Creek. 
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Daring  1915  the  most  extensive  mining  operstions  en  this  creA 
were  on  ttie  lower  half  of  Discovery  claim.  Operations  were  OMi- 
tinued  in  1916,  and  one  shift  of  men  was  employed  shoveling  into  the 
sluice  boxes.  The  sluice-box  arrangement  differs  from  that  on  other 
properties,  and  a  greater  effort  is  made  to  save  the  fine  gold.  The 
upper  four  boxes,  into  which  the  gravel  is  shoveled,  have  false  bot- 
toms, in  which  are  2-inch  holes  spaced  4  to  6  inches  on  centers.  Below 
these  in  the  line  is  a  box  containing  Hungarian  riffles,  with  a  6-inch 
drop  to  a  mud  box.  The  mud  box,  like  tlie  three  sluice  boxes  that 
follow  it,  has  pole  riffles  of  the  usual  type.  At  the  other  properties 
on  the  creek  all  the  sluice  boxes  carry  pole  riffles,  made  either  of  local 
spruce  poles  or,  when  it  is  obtainable,  of  sawed  2  by  3  inch  lumber. 
The  sawed  riffles  are  generally  faced  with  2-inch  strap  iron. 

Mining  was  done  on  the  upper  end  of  the  Bumblebee  claim  early 
in  the  summer,  and  a  small  area  of  ground  was  worked  out.  Opera- 
tions were  then  shifted  to  the  claim  below,  and  preparations  were 
made  for  more  extensive  mining.  A  sluiceway  had  been  excavated 
8  or  10  feet  to  bedrock,  and  boxes  were  being  put  in  on  August  27, 
when  the  writer  left  the  creek.  The  contemplated  operations  include 
the  sluicing  of  both  the  overburden  and  the  auriferous  gravels  from 
"  No.  2  below"  through  this  line  of  boxes. 

On  account  of  the  small  drainage  basin  of  the  creek,  the  watra  sup- 
ply for  the  claims  lying  above  Discovery  is  likely  to  be  somewhat 
scanty  unless  there  are  frequent  rains.  By  the  time  it  reaches  Dis- 
covery claim  even  this  scanty  supply  has  been  somewhat  lessened.  The 
operators  on  Discovery  claim  have  diverted  the  water  from  the  East 
Fork  of  Willow  Creek  and  so  increased  the  amount  available  for 
this  claim  and  those  below  it.  A  ditch  from  Slope  Creek  was  con- 
structed late  in  the  summer  to  furnish  an  additional  supply  for  the 
mining  operations  on  "  No.  2  below." 

About  even  with  Discovery  claim  there  is  a  distinct  change  in  the 
topography,  the  front  of  the  range  of  hills  occurring  at  about  this 
point.  Below  Discovery  claim  a  wide,  coalescing  apron  slopes  gently 
down  to  Spruce  Creek  and  the  Yukon.  Above  this  break  Willow 
Creek  has  a  V-shaped  valley  with  rather  steeply  sloping  walls;  below 
it  the  stream  has  intrenched  itself  but  little  in  the  frontal  apron  and 
flows  across  it  at  a  gradient  lower  than  where  it  is  confined  within 
the  valley.  There  appears  to  be  a  suggestion  of  a  beach  line  between 
altitudes  of  500  and  600  feet,  but  little  evidence  has  been  found  at  this 
locality  to  confirm  the  suggestion.  The  widening  and  somewhat 
irregular  distribution  of  the  auriferous  gravels  below  Discovery 
claim  may  be  due  in  part  to  beach  concentration  and  in  part  to  the 
changing  of  the  channel  of  the  stream  before  it  had  become  in- 
trenched in  its  present  course. 
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The  depth  to  bedrock  ranges  from  about  6  to  16  feet.  On  "Xo.  1 
above"  it  is  from  12  to  16  feet.  The  upper  half  consists  of  soil  and 
angular  rock  fragments  Trith  comparatively  little  rounded  gravel. 
This  is  stripped  off  before  the  lower  layers  are  mined.  Gold  is  found 
both  above  and  below  a  clay  seam  lying  about  2  feet  from  bedrock, 
6ome  of  the  coarsest  gold  being  found  above  it.  The  bedrock  is  ex- 
tremely rough  and  blocky  and  just  above  it  there  are  a  considerable 
number  of  lai^  angular  boulders.  Part  of  these  are  talus  boulders 
from  the  valley  slopes,  and  part  represent  frost-heaved  material  from 
the  greenstone  bedrock.  On  the  lower  claims  there  appear  to  be 
more  rounded  gravels,  but  the  bedrock  is  similar  in  character  to  that 
OQ  the  upper  portion  of  the  creek 

The  gold  is  somewhat  rough,  and  some  of  it  appears  rather  porous. 
Over  half  of  it  is  too  coarse  to  pass  through  an  8-me^  screen.  Nug- 
gets valued  at  $5  to  $10  are  not  uncommon  in  the  clean-ups,  but  those 
worth  over  $20  are  few.  The  very  fine  gold  saved  constitutes  only  a 
very  small  percentage  of  the  clean-ups.  It  is  believed  that  the  in- 
stallation of  devices  for  saving  the  fine  gold  would  be  warranted,  as 
some  of  the  fine  gold  already  saved  is  flaky  and  light  and  it  is  quite 
possible  that  a  greater  proportion  of  this  lig^t  gold  goes  throa^ 
the  boxes  than  is  saved  in  them.  Few  assays  of  the  Willow  Creek 
gold  are  available.  One  of  these  is  said  to  have  given  a  value  of 
$18.80  an  ounce.    The  gold  passes  current  at  $17  an  ounce. 

Magnetite  is  one  of  the  most  common  minerals  associated  with 
the  gold  in  the  clean-ups.  Ilmenite  occurs  in  small  amounts.  Al- 
though pyrite  may  be  seen  occasionally  in  the  greenstone  near  the 
head  of  the  creek,  little  or  none  is  found  in  the  concentrates,  oxida- 
tion having  converted  it  to  hematite. 

aOLB  LODES. 

Since  the  development  of  the  placers  in  the  vicinity  of  Marshall 
the  hills  have  been  prospected  to  find  the  lodes  from  which  the  placer 
gold  has  been  derived.  A  number  of  lode  claims  have  been  staked 
in  the  Kuyukutuk  basin,  on  the  north  side  of  the  ridge  extending 
eastward  from  Pilcher  Mountain.  Little  development  work  ia  re- 
ported aa  having  been  done  on  these  claims,  and  they  were  not 
visited.  Free-milling  gold  is  reported  from  quartz  veins  near  the 
head  of  Edgar  Creek,  and  claims  have  been  staked  there.  A  number 
of  quartz  veins  were  seen  along  the  crest  of  the  divide  between  Wilson 
and  Spruce  creeks.  Claims  have  been  staked  to  cover  most  of  these 
veins,  but  no  evidence  was  seen  of  work  having  been  done  upon  any 
of  them  except  on  the  east  side  of  Willow  Creek  near  its  head. 

The  group  of  claims  known  as  the  Arnold  lode  was  staked  August 
8, 1914,  by  Tom  Plunkett.    The  development  work  consists  entirely 
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of  open  cats  made  with  a  view  to  detennining  the  size  and  continuity 
of  the  veins,  of  which  a  number  are  exposed.  One  of  the  lower  veins 
has  been  traced  along  its  strike  for  over  100  feet  by  a  series  of  trenches 
2  to  6  feet  deep,  through  the  talus  and  slide  of  the  hill^de.  The  vein 
is  from  6  inches  to  a  foot  in  width.  It  shows  free  gold  in  places. 
Farther  up  on  the  slope  a  cut  has  been  dug  about  30  feet  into  the 
hill,  so  that  a  face  12  or  15  feet  in  height  and  3  to  6  feet  in  width  is 
exposed.  In  this  face  is  shown  a  quartz  vein  whose  width  ranges 
from  4  to  8  inches.  The  minerals  in  the  vein  include  calcite,  pyrite, 
galena,  molybdenite,  and  free  gold.  In  places  the  pyrite  is  oxidized, 
and  the  quartz  is  stained  with  iron  oxides.  There  are  numerous  cavi- 
ties formed  by  the  removal  of  pyrit«  and  calcite.  In  some  of  these 
cavities  small  crystals  of  glassy  quartz  may  be  seen,  together  with 
scattered  rosettes  of  calcite  crystals.  Some  of  the  dirt  from  the 
bottom  of  the  open  cut  was  panned.  In  addition  to  the  vein  minerals 
mentioned  above  the  concentrates  from  panning  included  small 
amounts  of  wulfenite,  the  yellow  to  orange-colored  molybdate  of  lead, 
and  anglesite,  the  white  sulphate  of  lead.  Magnetite  and  the  oxides 
derived  from  the  alteration  of  iron  pryrite  are  also  present  in  con- 
siderable amounts.  Their  source  is  the  greenstone  country  rock,  the 
hanging  wall  in  places  showing  strong  pyritization.  Veins  near  by 
show  a  small  amount  of  chalcopyrite  accompanied  by  the  charac- 
teristic green  staid  produced  by  its  oxidation. 

COAL. 

The  presence  of  coal  on  Anvik  River  has  long  been  known  and  is 
mentioned  by  Collier.^  The  coal  seems  to  have  been  used  to  a  sli^^t 
extent  by  the  natives,  who  formerly  employed  it  in  the  manufacture 
of  a  black  pigment.  A  ^nall  amount  has  also  been  used  for  black- 
smith coal  at  Anvik,  bnt  so  far  as  known  no  other  utilization  has  been 
attempted. 

The  following  information  regarding  these  deposits  was  obtained 
from  Mr.  F.  H.  Kruger,  a  merchant  and  prospector  at  Anvik.  The 
coal  seams  crop  out  about  45  miles  above  the  mouth  of  Yellow  River, 
or  over  100  miles  by  water  from  the  Yukon.  The  air-line  distance  to 
the  nearest  point  on  the  Yukon  is  probably  about  25  or  30  miles. 
Anvik  River  cnts  diagonally  across  the  sedimentary  series,  which  is 
made  up  of  sandstone,  shale,  and  coal  beds.  These  beds  appear  for  a 
distance  of  about  5  miles  along  the  course  of  the  stream.  Both  up 
and  down  stream  from  the  sedimentary  series  are  rocks  of  igneous 
origin.  Within  the  series  coal  seams  appear  for  nearly  a  mile  along 
the  river.  Most  of  the  outcrops  are  on  the  east  bank.  One  seam  has 
a  thickness  of  about  10  feet  and  several  are  2  feet  thick. 
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Transportation  to  the  Yukon  would  entail  a  bi^  expense,  as  only 
smaU  poling  boats  could  be  ueed  except  at  high  stages,  when  small 
scows  and  power  boats  might  be  utilized.  Transportation  overland 
would  prove  feasible  only  if  the  local  market  were  sufficient  to  war- 
rant the  construction  of  a  road,  after  exploration  and  development 
work  had  proved  the  extent  and  quality  of  the  coal. 

Coal  seams  of  varying  thicknesses  will  doubtless  be  found  else- 
where in  the  areas  of  Cretaceous  rocks.  Many  fragments  of  weath- 
ered coal  were  found  in  the  high  gravel  bank  on  the  east  side  of 
Stuyabok  Eiver,  about  45  miles  from  its  mouth.  It  is  likely  that 
these  fragments  have  not  been  carried  for  any  great  distance  and  that 
careful  prospecting  would  reveal  the  seams  from  which  they  were  de- 
rived. Like  those  on  the  Anvik,  these  beds  when  found  would  prob- 
ably be  of  local  value  only,  unless  they  were  of  considerable  extent 
and  of  Buch  a  quality  as  would  permit  them  to  compete  with  other 
fuels. 

At  Marshall  it  was  learned  that  coal  occurs  on  one  of  the  creeks 
that  flows  into  a  slough  of  the  Yukon,  about  20  miles  above  Marshall. 
No  other  information  concerning  this  deposit  was  obtainable. 

A  narrow  band  of  bituminous  shale  in  the  vicinity  of  the  old  fort 
at  Andreafski  is  mentioned  by  Dall.^  The  Russians  attempted  to 
utilize  this  shale  for  fuel,  but  it  was  too  impure  to  bum  well,  and  the 
attempt  was  abandoned.  This  locality  is  a  few  miles  down  the 
Yukon  from  the  mouth  of  Andreafski  Kiver,  where  field  work. was 
terminated  in  1916,  and  it  was  not  visited  by  the  writer. 

KINEZUX  SPKUTOS. 

About  7  miles  east  of  Marshal]  and  half  a  mile  from  the  Willow 
Creek  landing  are  what  are  knows  locally  as  the  Soda  Springs. 
Analyses  show  that  the  mineral  content  of  the  waters  from  these 
springs  is  largely  iron  and  lime  carbonates;  Free  carbon  dioxide 
is  constantly  being  liberated  and  bubbles  up  intermittently  in  almost 
all  the  pools  and  springs  of  this  group.  Some  have  built  up  consid- 
erable cones,  4  to  6  feet  high  and  10  to  20  feet  in  diameter  at  the 
base.  The  material  in  these  cones  consists  of  lime  carbonate  and  yel- 
low and  red  iron  oxides.  At  the  northern  edge  of  the  group  is  an  ex- 
tensive area  covered  with  granular  precipitated  oxides  of  iron,  with 
some  lime  carbonate,  which  is  rather  loose  and  incoherent,  much  re- 
sembling gas-house  cinders.  It  has  been  built  up  sufficiently  to  afford 
a  solid  footing,  in  contrast  with  the  soft,  spongy  moss-covered  areas 
adjoining.    Very  little  vegetation  grows  on  the  sinter. 

Between  the  main  group  of  springs  and  the  landing  are  a  number 
of  pools  of  water  which  in  part  -may  represent  the  overflow  from 
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the  springs  above  and  in  part  may  be  the  basins  of  springs  of  a 
comparatively  small  flow.  The  deposits  in  the  vicinity  of  these  pools 
are  chiefly  lime  carbonate  and  are  conspicuous  for  their  white  color 
and  scanbf^  growth  of  vegetation. 

The  springs  are  at  the  base  of  the  south  frontal  slope  of  the  ranfce 
of  hills  between  Spruce  and  Wilson  creeks.  A  mantle  of  vegetation 
and  unconsolidated  material  so  completely  covers  the  surface  that  it 
is  impossible  to  determine  the  nature  of  tiie  underlying  bedrock.  It 
appears  likely  that  the  springs  occur  near  the  contact  of  the  Quater- 
nary lavas  and  the  undifferentiated  metamorphic  rocks  which  make 
up  the  ridge  to  the  north.  Other  springs  of  essentially  similar  char- 
acter are  reported  as  occurring  about  12  miles  to  the  east,  where  the 
topographic  situation  and  geologic  conditions  are  much  ihe  same  as 
at  this  locality. 

ANnHONT. 

No  deposita  of  antimony  are  known  within  the  areas  visited,  but 
at  Paimiut  it  was  reported  that  antimony  occurs  in  the  group  of 
hills  between  the  Yukon  and  the  Kuskokwim,  near  the  latter. 

MINERAUZATION. 

Data  regarding  the  mineralization  in  this  region  are  not  suffi- 
ciently complete  to  warrant  positive  statements  regarding  the  source 
of  the  gold,  but  some  inferences  concerning  it  can  be  drawn.  Wher- 
ever gold  has  been  found  there  are  also  dikes  of  soda  granite  or  por- 
phyritic  dacite,  many  of  them  of  considerable  width,  and  it  is 
believed  that  the  mineralization  was  consequent  upon  their  intrusion 
of  both  the  sedimentary  and  igneous  rocks.  The  dacit«  is  similar 
in  chemical  composition  to  the  soda  granite  and  differs  only  in  pos- 
sessing a  somewhat  finer  groundmass  and  a  porphyritic  texture.  It 
represents  offshoots  from  the  larger  igneous  masses  or  was  derived 
from  the  same  sodic  granite  magma.  Both  the  larger  granite  masses 
and  the  dacite  dikes  appear  to  have  been  concerned  in  the  minerali- 
zation. The  quartz  veining  that  followed  was  related  to  the  in- 
trusives,  and  much  of  the  gold  occurs  in  the  vein  quartz,  but  impreg- 
nation of  the  wall  rock  has  also  taken  place.  Buddas  the  gold,  the 
eolphides  of  iron,  lead,  molybdenum,  and  copper  occur  in  the  veins 
and  mineralized  wall  rock.  These  minerals  have  not  been  found 
in  the  soda  granite  or  dacite  but  doubtless  were  due  to  their  intrusion. 

SUQGSSTIONS  FOB  PBOSPECTINQ. 

As  the  mineralization  was  attendant  upon  the  soda  granite  and 
the  porphyritic  dacite,  it  follows  that  streams  coming  from  areas 
where  these  rocks  appear  afford  the  most  attractive  field  for  pros- 
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pecting.  Bock  exposures  are  few  but  may  usually  be  found  along 
the  crests  of  the  ridges  or  here  and  there  along  minor  streams,  but 
the  nature  of  the  gcavel  along  bars  will  afford  an  equally  reliable 
indication  of  tiie  nature  of  the  rocks  farther  upstream.  Vein  quartz 
or  pebbles  of  light-colored  granitic  or  porphyritic  igneous  rock 
should  be  noted.  These  are  not  necefflarily  accompanied  by  gold, 
but  on  the  other  hand  all  the  gold  that  has  been  found  in  this  region 
occurs  under  conditions  which  indicate  its  relation  to  these  intrusives. 
Along  the  upper  courses  of  the  streams  the  valleys  are  for  the 
most  part  comparatively  narrow  and  the  depth  to  bedrock  slight, 
making  crosscutting  of  the  channel  fairly  easy.  In  the  lower 
reaches,  however,  the  width  is  greater,  in  places  being  several  miles, 
and  the  valley  fill  is  of  unknown  depth.  Moreover  the  streams  may 
have  shifted  their  courses  since  placers  were  possibly  concentrated. 
It  appears,  therefore,  that  the  prospecting  of  these  broad  deposits 
would  be  both  difficult  and  uncertain  of  profitable  results. 
103210°— 18— BuU.  662 23 
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liODE  DEPOSITS  NEAR  THE  NENANA  COAL  FIELD. 


By  S.  M.  Otbrbbck. 


INTBODUCTION. 

The  lode  prospects  described  in  this  report  were  visited  during  the 
summer  of  1916  by  G-  C.  Martin  and  party  in  the  course  of  a  rather 
detailed  examination  of  the  coal-bearing  areas  of  the  Kenana  coal 
field.  The  part  of  the  field  that  was  investigated  extends  from  Ke- 
nana Kiver  eastward  about  18  miles  and  from  Healy  Creek  north- 
ward about  22  miles  and  lies  approximately  within  the  limits  of 
148°  25'-149''  01'  west  longitude  and  63°  Sl'-ei"  10'  north  latitude. 
(See  accompanying  map,  PI.  XVII.)  The  mouth  of  Hoseanna 
Creek  is  about  50  miles  south  of  the  new  town  of  Kenana,  at  the 
junction  of  Nenana  and  Xanana  rivers,  and  about  70  miles  on  a  direct 
line  southwest  of  Fairbanks.  The  Govenmient  railroad,  now  under 
construction,  is  projected  to  cross  to  the  west  side  of  Kenana  River 
about  4  miles  above  the  mouth  of  Moose  Creek  and  8^  miles  below  the 
mouth  of  Hoseanna  Creek. 

Ko  lode  mining  has  been  done  in  the  area  outlined,  and  prospect- 
ing has  not  been  extensive.  Gold  is  the  principal  mineral  sought.  A 
gold  quartz  claim  was  staked  several  years  ago  on  McCuen  Gulch,  in 
the  SE,  J  sec.  1,  T.  10  S.,  K.  5  W.  A  mineralized  zone  that  apparently 
is  gold  bearing  is  reported  from  Fourth  of  July  Creek  about  half  a 
mile  above  its  mouth.  A  stibnite  lode  was  located  a  few  years  ago 
on  Cody  Creek  in  the  SE.  i  sec.  8,  T.  11  S.,  R.  7  W.,  and  in  1916  was 
relocated.  In  1915  and  1916  prospecting  became  more  active,  owing 
to  the  finding  in  Eva  Creek  of  fioat  rock  that  was  heavily  mineral- 
ized with  arsenopyrite,  bismuth,  and  bismuthinite  and  that  was  re- 
ported to  carry  gold.  Search  for  the  source  of  this  rock  led  to  the 
discovery  of  several  mineralized  zones,  and  about  20  locations  (claims 
and  tunnel  sites)  were  made  on  Eva  Creek  and  on  Moose  Creek. 

The  purpose  of  this  report  is  to  give  a  few  facts  that  may  be  help- 
ful to  the  prospector  concerning  metallization  in  the  region,  for  the 
coming  of  the  railroad  and  the  opening  of  the  coal  fields  wiU  doubt- 
less stimulate  the  search  for  lode  deposits.  Unfortunately,  however, 
prospecting  has  not  been  extensive  enough  to  furnish  much  informa- 
tion about  the  occurrence  of  ore  bodies. 
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The  area  described  in  this  paper  lies  in  the  northern  foothill  belt 
of  the  Alaska  Kange.  This  belt,  which  is  about  25  tnilee  wide  where 
Nenana  Hiver  cuts  through  it,  is  bounded  on  the  north  by  the  Tanana 
Flats.  More  or  less  discontinuous  ridges,  separated  from  one  another 
by  rather  broad,  flat  structural  valleys  that  run  parallel  to  the  main 
range,  make  up  the  foothill  belt.  Schists  and  igneous  rocks  fcH'm 
the  more  rugged  ridges,  and  partly  consolidated  clays,  sands,  and 
gravels  form  the  valleys  and  some  of  the  high  rounded  hills.  Jumbo 
Dome,  the  highest  hill  in  the  region,  has  an  elevation  of  4,500  feet, 
and  the  Nenana  near  the  mouth  of  Moose  Creek  an  elevation  of  1,000 
feet — a  total  difference  in  relief  of  3,500  feet.  The  streams  that  drain 
the  region  flow  northward  into  the  Tanana  and  westward  into  the 
NenEinEL  The  chief  northward-flowing  stream  is  the  Totatlaoika, 
which  with  its  branches  drains  about  two-thirds  of  the  area  inves- 
tigated. Healy,  Hoseanna,  Walker,  and  Moose  creeks  are  westward- 
flowing  streams.  Totatlanika  Creek  and  its  tributary,  California 
Creek,  run  in  canyons  where  they  cut  through  the  schist  ridges,  and 
Hoseanna  Creek  has  a  narrow,  steep-sided  valley  deeply  incised  in 
the  partly  consolidated  days,  sands,  and  gravels  of  the  coal-bearing 
formation.  The  streams  near  the  lode  prospects  are  small  and  fur- 
nish barely  enough  water  for  small  placer  workings.  The  annual 
precipitation  in  the  region  is  small,  being  at  Fairbanks  about  11.5 
inches.  Timber  line  lies  about  2,100  feet  above  sea  level.  The  trees 
{spruce  and  cottonwood)  grow  chiefly  along  the  stream  coui-ses  and 
are  mostly  small  and  of  little  use  for  construction.  The  Tanana 
Flats,  however,  are  fairly  well  covered  with  spruce  and  should  supply 
some  mine  timber.  Lignite  is  abundant  in  the  coal  fields.  In  1916  a 
wagon  road  ran  from  Nenana  through  the  flats  almost  to  the  foot- 
hills, and  thence  a  good  horse  trail  follows  the  gravel  ridges  to 
Hoseanna  Creek.    Horse  feed  grows  profusely. 

GEOIiOOY. 

The  main  geologic  features  of  the  region  are  known  throu^  the 
investigations  of  Brooks  and  Prindle  (1902),*  Prindle  (1906),'  and 
Capps  (1910),'  As  the  work  of  1916  was  limited  practically  to  the 
areas  in  which  the  coal-bearing  rocks  crop  out,  a  description  of  the 
rocks  of  the  district  as  a  whole  is  abstracted  from  Capps's  report. 

The  oldest  rocks  of  tbe  regloD,  the  Blrcb  Creek  schist,  form  the  greater  part 
of  tbe  higb  mountains  on  tbe  north  slope  of  the  Alaska  RaD^e.  Th^  com- 
prise a  great  series  of  metamorphosed  sediments,  which  now  appear  as  gnarts 
and  mica  schists  and  phyllites,  with  schistose  and  micaceous  quartzlte,    •    *    • 

No  evidence  has  been  found  In  the  Bonnllield  region  which  would  determine 
Ow  ^^  of  this  schist  series,  but  from  Its  relations  with  younger  fossil-liearlns 

<  Brooks,  A.  H.,  oDd  Prindle,  L.  H..  Tbe  Mount  UcKlnI«7  region,  AlBikk :  D.  8,  Ocol. 
Bturer  Prof.  Paper  70,  1911. 
*C>ppa,  8.  B.,  The  BonniOeM  region,  Alaska:  C.  a.  Oeol.  Barrej  BnU.  001.  1913. 
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fonnatloDs  In  other  places  It  has  been  provisionally  determined  to  be  of  pre- 
Ordovlclan  age. 

Next  younger  tlian  Uie  Birch  Creek  schist  and  forming  the  footblU  rangea 
to  the  north  of  the  main  mountain  range  Is  a  thick  series  of  quartz-feldspar 
rocks,  to  which  the  name  Totatlanlka  schist  la  here  applied,  from  typical  ex- 
posures along  the  creek  of  that  name.  These  are  for  the  most  part  metamor- 
phosed igneous  rocks  but  Include  some  Infolded  beds  of  sedlmoitary  ori- 
gin. •  •  *  The  whole  series  was  •  •  ■  folded,  faulted,  and  greatly  meta- 
morphosed. Near  Neuana  River  the  scliiBts  appear  at  the  surface  across  a  belt 
18  miles  wide,  although  In  places  they  are  covered  by  younger  deposits.  *  •  • 
The  quartz-feldspar  schists  and  the  associated  beds  of  sedimentary  origin  are 
provisionally  assigned  to  the  Devonian  or  Silurian. 

The  period  of  metamorphUm  was  succeeded  by  ft  loi:^  period  of  time  during 
which  the  area  here  considered  stood  above  the  sea  and  was  denuded  to  a  sur- 
face of  slight  relief.  Of  this  erosion  period  no  record  Is  left  In  the  deposits  of 
the  Bonnifleld  region.  The  next  younger  beds  are  of  lower  Tertiary  age  (Eo- 
cene) and  consist  of  loosely  cemented  conglomerates,  sands,  clays  or  shales,  and 
llgnitlc  coal  occupying  basins  formed  between  ridges  of  the  older  schists. 
*  *  *  The  lower  Tertiary  l>eds,  although  locally  folded  and  faulted,  pre- 
sent a  young  ai^arance  as  compared  with  the  schists  on  which  tti^  lie. 

After  the  coal-bearing  series  was  deposited,  the  uplift  of  the  Alaska  Bange 
began,  and  the  folding  of  the  rocks  formed  a  number  of  depressed  basdns  Id 
which  tlie  lower  Tertiary  beds  were  preserved.  Between  ttieae  basins  and  In 
the  Alaska  Range  proper  the  uplift  exposed  the  loosely  cemented  materials  to 
ero^on,  and  they  were  removed  from  much  of  the  area  which  they  had 
formerly  covered. 

A  rather  thick  series  of  gently  folded  clays,  sands,  and  gravels, 
which  are  younger  than  the  coal-bearing  rocks  and  which  may  be  of 
Pleistocene  age,  rest  on  the  schists  and  on  the  coal-bearing  forma- 
tion at  many  places.  TRese  deposits  are  the  Nenana  gravel  described 
by  Capps.'  Bench  gravels  and  alluvial  gravels  along  the  courses  of 
the  present  streams  are  the  youngest  rocks  of  the  region. 

Igneous  rocks  later  than  those  which  make  up  the  Totatlauika 
schist  are  abundant.  They  occur  as  intrusive  bodies  that  cut  the 
schist  and  as  flows.  Quartz  porphyry,  dacite,  hornblende  andesite, 
and  andesite  are  the  types  represented. 

The  unaltered  sedimentary  rocks  of  the  region,  although  they  con- 
tain coal  beds  that  would  be  highly  important  as  a  source  of  fuel 
in  the  event  of  the  development  of  lodes,  have  had  no  direct  part  in 
the  formation  of  the  lode  deposits  and  so  will  not  be  further  dis- 
cussed. 

The  schists,  which  are  sedimentary  and  igneous  rocks  that  have 
changed  their  character  under  the  action  of  great  differential  pres- 
sures, have  been  separated  by  Capps  into  two  types — the  Birch 
Creek  schist,  which  consists  chiefly  of  altered  sedimentary  rocks, 
and  the  Totatlanika  schist,  which  consists  of  altered  igneous  rocks. 
The  Birch  Creek  schist,  which  occupies  hut  a  small  part  of  the 
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region,  is  not  associated  there  with  lode  occurrences,  but  much  of 
the  gold  in  the  placers  of  Tanana  Valley  and  in  part  of  Yukon 
Valley  is  believed  to  be  derived  from  it 

The  country  rock  of  the  prospects  is  the  fine-grained  dark  car- 
bonaceous phase  of  the  Totatlanika  schist.  It  is  described  by  Capps  * 
as  follows: 

Associated  with  the  nltered  IgneoiiB  rocks,  especially  In  the  lower  part  of 
the  series,  are  commonly  to  be  totind  beds  of  carbonaceous  shales  and  schists 
and  some  quartz  conglomerate,  which  are  certainly  of  sedimentary  origin. 
•  •  •  It  Is  probable  that  the  laying  down  of  the  sediments  was  intermpted 
at  times  by  the  extrusion  of  Igneous  rocks,  so  that  ttiey  belong  properly  to 
the  same  time  period.  The  beds  of  clastic  origin  are  prominent  only  near  the 
base  of  the  Totatlanika  schist. 

Specimens  of  this  schist  from  the  lode  proq»ects  differ  somewhat 
in  appearance.  The  typical  dark  schist  is  nearly  black,  is  fine 
grained,  consists  chiefly  of  quartz  (?)  and  carbonaceous  material, 
and  is  cut  by  numerous  small  stringers  of  quartz.  Through  the 
action  of  the  weather  the  rock  becomes  soft  and  breaks  into  thin 
black  leaves  and  plates.  Other  rocks  contain  much  sericite  and 
weather  light  yellow.  These  two  types  are  pr<Aably  altered  sedi- 
ments. Some  of  the  light  varieties,  however,  resemble  altered  rhyo- 
lites  in  texture,  and  hence  may  be  of  igneous  origin.  The  dark  schist, 
the  weathered  outcrops  of  which  look  much  like  coal,  is  found  near 
all  the  prospects,  and  on  a  branch  of  California  Creek  a  body  of  ircm- 
mineralized  rock  was  observed  just  beneath  a  belt  of  the  black  schist 
Whether  this  phase  of  the  schist  is  connected  genetically  with  the 
lode  deposits  is  not  known,  but  the  field  association  of  black  schist 
and  prospects  is  at  least  suggestivcj  and  the  prospector  in  this  region 
should  search  carefully  for  lode  mineralization  wherever  he  sees 
outcrops  of  black  schist 

The  igneous  bodies  near  the  prospects  are  dikes  and  rather  small, 
irregularly  shaped,  intrusive  masses,  which  cut  the  Totatlanika  schist 
and  project  above  it  as  spines,  as  walls,  or  as  mounds  of  platy  rock. 
All  the  intrusive  rocks  are  of  the  same  general  type,  but  the  great 
difference  in  amount  of  alteration  in  rock  bodies  closely  associated  in 
the  field  points  to  a  difference  in  age.  TJnsheared  and  sheared  dikes, 
for  example,  are  found  close  together.  An  abundance  of  quartz  and 
orthoclase  occurs  in  the  rocks  of  both  the  sheared  and  the  unsheared 
masses:  Tlie  sheared  rock  is  dark  and  shows  some  banding.  The 
bands  are  lines  of  small  overlapping  lenticular  areas  of  quartz  and 
feldspar,  which  alternate  with  lines  of  dark  fine-grained  sericitic 
material  The  unsheared  rock  is  light  brown  or  li^t  gray,  does  not 
show  banding,  and  is  characterized  by  the  prominence  of  clear  quartz 
grains,  or  phenocrysts,  which  are  about  one-thirtieth  of  an  inch  in 
1  Cappa,  8.  B.,  op.  dt.,  p.  25. 
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diameter.  F«ldBpar  crystals  of  the  same  size  as  the  quartz  grains  are 
also  abundant  but  are  not  so  noticeable  as  the  quartz.  The  micro- 
Bcopic  etudy  of  these  rocks  confirms  the  field  determination  of  quartz 
porphyry.  Phenocrysts  of  quartz  and  orthoclase  are  set  in  a  fine- 
grained groundmass,  \vhich  consists  in  the  unsheared  rocks  of  inti- 
mately intergrowQ  quartz  and  orthoclase,  and  in  the  sheared  rocks 
of  crashed  quartz  and  feldspar,  sericite,  and  possibly  chlorite  and 
other  alteration  minerals. 

A  genetic  relation  between  the  quartz  porphyry — acidic  intrusiTe 
rocks — and  the  lodes  is  suggested  by  their  association  in  the  field. 
This  association  is  shown  by  the  following  examples.  At  the  head 
of  Moose  Creek  a  number  of  the  smaller  acidic  intrusive  bodies  are 
exposed,  placer  gold  is  found  in  the  stream  that  cuts  the  bodies,  and 
near  them  a  stibnite  lode  and  a  gold  claim  have  been  located.  Bikes 
occur  on  Eva  Creek  near  the  present  lode  prospects  and  above  the 
placer  workings.  On  Wilson  Creek  mineralized  schist  that  carries 
a  little  gold  was  discovered  near  a  large  siliceous  dike.  A  siliceons 
dike  occurs  near  the  gold  lode  prospect  at  the  head  of  McCuen  Gulch. 
Placers  are  being  worked  on  Homestake  Creek,  which  cuts  a  less 
eilicoous  rock,  quartz  diorite,  but  no  lodes  have  been  found  near 
this  stream.  Little  or  no  placer  mining  has  been  done  on  the  streams 
that  drain  the  slopes  of  Jumbo  Dome,  an  intrusive  body  of  horn- 
blende andesite.  The  prospector  should  learn  to  recognize  the 
siliceous  intrusive  bodies  in  the  field  and  to  realize  that  they  prob- 
ably played  some  part  in  the  formation  of  the  lodes. 

As  a  result  of  the  action  of  great  forces  the  rocks  of  the  region  are 
faulted  and  folded  and  tlie  older  rocks  have  been  converted  to 
schiste.  The  effect  of  rather  recent  movement  is  shown  by  the  gentle 
folding  and  faulting  of  the  Nenana  gravel,  which  may  be  of  Pleis- 
tocene age.  Faults  and  fault  zones  may  be  important  factors  in  the 
localization  of  ore  deposits.  They  may,  for  example,  afford  pas- 
sageways for  mineralizing  solutions.  One  of  the  prospects  in  the 
region  was  in  a  small  shear  zone  in  the  schist,  and  all  the  present 
prospects  are  near  a  large  fault  that  can  be  traced  along  Eva  Creek, 
across  the  head  of  Moose  Creek,  and  into  Cody  Creek.  There  seems, 
then,  to  be  a  relation  in  this  region  between  the  distribution  of 
mineralization  and  faulting. 

To  summarize,  the  prospector  should  note  the  following  facts 
about  the  occurrence  of  lode  prospects  in  the  district:  (1)  They  are 
in  the  schist;  (2)  they  are  associated  with  the  fine-grained  dark 
schist;  (3)  they  are  near  small  acidic  intrusive  bodies;  (4)  they  are 
related  to  faulting. 

MINEBAI.OGY. 

None  of  the  prospects  have  been  opened  up  sufSciently  to  furnish 
BpecimeoB  of  the  mineralized  rock.    The  beet  material  so  far  found 
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occurs  as  float  in  Eva  Creek,  and  c(MisistB  chiefly  of  a  mixture  of 
arsenopyrite  and  quartz,  in  which  are  amall  amounts  of  native  bis- 
muth and  bismuthinite  and  in  some  specimens  a  very  little  chalco- 
pyrite  and  pyrite.  The  mineralized  rock  weathers  rusty  brown  on 
the  surface  and  its  crevices  and  cracks  are  lined  with  green,  yellow, 
and  gray  coatings  that  are  probably  alteration  products  of  the 
arsenical  minerals.  Crushed  specimens  of  these  rocks  are  reported 
to  yield  gold  when  panned,  and  assays  of  hand  specimens  show  the 
presence  of  some  gold.  Crystals  of  gold  were  obtained  from  the 
weathered  rock  of  one  of  the  prospects. 

Arsenopyrite  (an  iron-arsenic-sulphur  compound),  the  most  abun- 
dant metallic  mineral  present,  is  not  valuable  as  an  ore  mineral,  but 
it  may  be  useful  to  the  prospector  as  an  indication  Uiat  metallization 
has  taken  place,  as  in  this  and  neighboring  regions  gold  is  found 
in  places  associated  with  arsenopyrite.  The  mineral  is  recc^nized 
easily  by  iis  tin-whit«  color,  metallic  luster,  and  hardness.  (It  will 
scratch  the  blade  of  a  pocket  knife.)  Arsenopyrite  is  a  very  common 
mineral  and  has  little  economic  importance,  "Arsenic"  (arsenic 
trioxide),  which  is  extensively  used  in  the  manufacture  of  glass  and 
of  insecticides,  is  obtained  in  this  country  as  a  by-product  of  the 
smelting  of  ores  rich  in  arsenical  minerals. 

Native  bismuth  and  bismuthinite  are  abundant  in  some  specimens 
from  Eva  Creek,  and  they  are  reported  from  the  other  prospects  in 
the  vicinity.  Native  bismuth  that  has  been  exposed  to  the  weather 
is  recognized  by  its  rather  deep  yellow  tarnish.  A  fresh  piece  of 
bismuth  has  a  high  metallic  luster  and  is  gray  but  has  a  distinct  pink- 
ish tinge.  The  mineral  is  very  soft  and  can  easily  be  cut  with  a 
knife. 

Bismuthinite  (bismuth  sulphide)  is  a  soft  lead-gray  metallic  min- 
eral with  a  high  luster.  It  differs  from  native  bismuth  in  color ;  the 
native  bismuth  has  a  decided  pinkish  tinge,  which  the  bismuthinite 
lacks.  It  is  not  so  hard  as  arsenopyrite,  which  it  resembles  some- 
what in  color.  Fine-grained  bismuthinite  may  be  difficult  to  distin- 
guish from  fine-grained  stibnite. 

The  uses  of  bismuth  are  few.  It  finds  ite  most  extendve  applica- 
tion as  salts  for  medicinal  purposes.  Its  low  melting  point  mokes  it 
useful  in  the  manufacture  of  fuses  for  electric  wiring  systems  and  of 
plugs  in  devices  for  protection  against  fire.  Ite  use  as  a  metal  is  re- 
stricted, owing  to  its  extreme  brittleness,  although  it  has  been  used 
somewhat  for  type  metal.  Practically  all  the  bismuth  obtained  in 
this  country  comes  as  a  by-product  from  the  smelting  of  ores  nch  in 
bismuth  minerals.  In  1915  about  44,000  pounds  of  metallic  biamath, 
valued  at  $108,000,  was  imported.  It  sold  at  $2.60  to  $3.50  a  pound. 
Ores  conteining  less  than  10  per  cent  of  bismuUi  can  not  be  sold  in 
this  country  at  the  present  time,  and  the  demand  for  bianath  ores 
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is  SO  small  that  the  rates  per  toD  of  ore  would  be  very  low.  It  is  to  be 
hoped,  however,  that  a  demand  will  spring  up  and  that  much  bismuth 
ore  now  oa  the  dump  heap  may  some  day  be  viJuable. 

The  antimony  ore  from  the  Bambler  lode,  oa  Cody  Creek,  is  rather 
pure  stibnite  (antimony  trisulphide)  in  a  confused  crystalline  aggre- 
gate. Jl  blackish  tarnish  covers  exposed  surfaces  of  the  stibnite 
where  weathering  has  not  advanced  far  enough  to  form  the  usual 
yellow  or  gray  crusts  of  decomposition  minerals  (stibiconite!),  Stib- 
nite is  lead-gray,  and  has  a  metallic  luster.  It  is  very  soft  and  can 
easily  be  scratched  with  a  knife  or  even  with  a  brass  pin.  Fine- 
grained stibnite  can  be  distinguished  only  with  difficulty  from  other 
fine-grained  gray  metaUic  minerals.  Coarse-grained  stibnite  occurs 
in  long,  needle-like  crystals,  which  are  commonly  bent  and  broken. 
The  stibnite  is  distinguished  from  native  bismuth  by  t^e  pinkish  hue 
of  the  freshly  broken  bismuth. 

Antimony  is  used  as  an  alloy  in  making  type  metal  and  babbitt 
metal,  and  in  making  shrapnel,  and  at  present  the  demand  for  it  is 
rather  large.  The  price  before  the  war  was  about  7  cents  a  pound; 
since  then  it  has  fluctuated  widdy  and  has  reached  50  cents  a  pound. 
The  present  price  (1917)  ranges  from  14  to  25  cents.  About  833 
short  tons  of  antimony  ore,  carrying  about  58  per  cent  of  antimony, 
was  shipped  from  Alaska  in  1915  and  sold  in  San  Francisco  at  an 
average  price  of  about  $86  a  ton.^  About  1,160  tons  of  ore  was 
mined  and  shipped  during  1916.  Most  of  this  ore  was  from  the 
Fairbanks  district. 

The  accessory  minerals,  pyrite  and  chalcopyrite,  occur  in  very 
minor  amount.  They  are  distinguished  from  practically  all  other 
metallic  minerals  by  their  yellow  color.  Pyrite,  an  iron  sulphide, 
is  typically  very  light  brass-yellow;  chalcopyrite,  an  iron-copper 
sulphide,  is  a  rather  deep  greenish  yellow.  Pyrite  and  chalcopyrite 
are  distinguished  from  one  another  by  their  difference  in  hardness; 
chalcopyrite  can  be  scratched  with  a  needle  or  wiUi  the  point  of  a 
knife  blade,  whereas  pyrite  is  harder  than  the  knife  blade  and  will 
scratch  it.  The  yellow  tarnish  on  native  bismuth  may  cause  it  to  be 
mistaken  for  chalcopyrite,  but  the  true  color  of  the  bismuth  is  re- 
vealed when  the  tarnish  is  scratched  away. 

TYPE   OP  ORB  BO»Y. 

As  prospecting  and  exploratory  work  have  not  been  sufficiently 
extensive  to  disclose  the  actual  condition  and  extent  of  the  supposed 
ore  bodies,  their  mode  of  occurrence  can  only  be  surmised.  Most  of 
the  mineralization  probably  took  place  by  deposition  from  solutiona 
in  shear  zones  or  in  fissures  in  the  schist. 

■  Brooks,  A.  H.,  Antimony  deposlta  of  Alaska :  D.  B.  Qeol.  SarTe;  Boll.  649,  pp.  7S, 
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Concerning  the  genesis  of  the  deposits  only  tentative  generaliza- 
tions can  be  made,  for  the  facts  necessary  for  definite  concluEdons 
are  lacking.  In  the  absence  of  conclusive  field  evidence,  an  attempt 
was  made  to  get  some  light  on  the  origin  of  the  ores  by  an  examina- 
tion of  thin  sections  and  polished  surfaces.  Good  specimens  were 
lacking,  hut  presumptive  conclusions  may  be  drawn  from  certain 
relations  of  the  minerals.  The  ores  were  probably  deposited  from 
solutions  rich  in  silica,  partly  as  fissure  fillings  and  partly,  perhaps, 
by  replacement  of  the  schist,  under  conditions  of  rather  high  pres- 
sure and  moderate  temperature.  No  minerals  that  are  formed  char- 
acteristically under  very  high  pressures  and  at  high  temperatures 
were  found,  nor  is  the  quartz,  which,  with  the  possible  exception  of 
the  quartz  with  the  stibnite,  is  clear  and  in  rather  large  crystals,  of 
the  fine-grained  variety  that  at  many  places  accompanies  ores  which 
are  formed  near  the  surface  by  heated  solutions. 

The  sequence  of  crystallization  of  the  ore  minerals  can  he  inferred 
in  a  general  way  from  the  polished  sections.  The  first  minerals  de- 
posited were  quartz  and  arsenopyrite.  Quartz  began  to  crystallize 
apparently  before  the  arsenopyrite  and  con^ued  after  all  the  arseno- 
pyrite had  come  from  solution.  Examples  of  quartz  rut  by  stringers 
of  arsenopyrite,  of  quartz  and  arsenopyrite  that  show  what  Oraton 
and  McLaughlin '  call  "  mutual  boundaries,"  and  of  quartz  stringers 
that  surround  and  run  between  grains  of  arsenopyrite  are  abundant. 
A  little  orthoclase  accompanies  the  quartz.  Laths  of  sericite  and  of 
chlorite  are  associated  with  the  arsenopyrite  and  with  the  bismuth 
minerals.    Sericite  occurs  as  an  alteration  product  of  the  orthoclase. 

The  next  metallic  mineral  to  crystallize  was  apparently  the  acces- 
sory mineral  chalcopyrite,  which  shows  rather  good  crystal  form, 
is  definitely  later  than  the  quartz,  is  seemingly  later  than  the  arseno- 
pyrite, and  is  definitely  earlier  than  the  bismuth  minerals. 

The  native  bismuth  is  apparently  full  of  inclusions  in  the  surface 
examined.  The  inclusions  are  so  fine  grained  that  they  can  not  be 
snrely  identified,  although  the  numerous  laths  present  are  probably 
chlorite  or  sericite.  Bismuthinite  is  seemingly  later  than  the  native 
bismuth  complex,  which  it  crosses  in  stringers,  and  it  is  later  than  the 
laths  (sericite  or  chlorite  (t)),  which  it  cuts  and  to  some  degree  re- 
places. The  laths,  if  correctly  identified,  are  probably  of  hydro- 
thermal  origin. 

Stibnite  is  not  associated  with  the  other  metallic  minerals  in  the 
sections  examined,  and  consequently  its  relation  to  them  is  not  known. 
Neither  gold  nor  pyrite  occurs  in  the  polished  surfaces. 
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The  order  of  crystallization  of  ore  and  gsilgue  minerals  seems  to 
be  as  follows :  Qnartz  and  arsenopyiite,  chalcopyrite,  natiTe  bismuth, 
bismuthiaite. 

The  source  of  the  mineralizing  solations  is  the  next  point  to  be 
considered.  Capps  ^  makes  the  following  statement  about  the  origin 
of  the  lodes  of  the  Bonnifield  r^on  (specifically  of  the  Wood  Biver 
basin): 

Associated  with  the  schists  of  the  main  raoge,  which  have  been  correlated 
with  the  Birch  Creek  schist  of  the  Falrbanhs  region,  also  catting  the  qnarts- 
feldspar  schists  to  the  north,  are  many  Intrusive  granitic  rocks,  and  there  la 
some  reason  to  believe  that  the  mineralization  of  the  schlstA  may  be  due  to 
these  IntmsioDS. 

Brooks '  says  of  the  lodes  of  the  Yukon-Taaana  region  as  a  whole 
that  "there  appears  to  be  close  genetic  relation  between  the  gold 
deposits  and  the  granite  intrusive  rocks."  In  the  Nenana  region  no 
large  bodies  of  granite  were  found,  although  small  granitic  intrusive 
bodies  are  fairly  abundant.  These  small  granitic  bodies,  apparently 
to  the  exclusion  of  other  igneous  types,  occur  near  all  the  present  lode 
prospects  and  are  probably  related  to  them  genetically.  Field  evi- 
dence does  not  show  whether  the  deposits  are  related  to  the  sheared 
or  the  unsheared  granite  intrusives  or  to  both. 

The  geologic  period  of  mineralization  is  not  definitely  known.  The 
deposits  are  younger  than  the  schists  (referred  provisionally  to  the 
Silurian  or  the  Lower  Devonian)  in  which  they  occur,  and  they  are 
not  found  in  the  Tertiary  rocks  of  the  region.  The  granitic  rocks 
with  which  metallization  is  probably  associated  are  thought  to  be- 
long to  the  "general  period  of  intrusion,  beginning  possibly  in  late 
Paleozoic  time  and  in  some  parts  of  the  province  extending  through 
to  the  Upper  Cretaceous,  but  having  its  maximnm  development  late 
in  the  Jurassic^" '  If  mineralization  took  place  at  a  time  when 
igneous  activity  was  waning,  the  age  of  the  deposits  would  be  late 
Mesozoic.  Prindlc  *  says  of  the  Fairbanks  lodes  that "  the  metallisa- 
tion probably  occurred  near  the  end  of  the  Mesozoic  era.** 

The  seeming  localization  of  some-  of  the  prospects  along  a  fault 
that  cuts  Pleistocene  (!)  gravels  does  not  necessarily  indicate  a 
Pleistocene  age  for  the  deposits.  The  region  has  been  only  slightly 
disturbed  since  the  deposition  of  the  early  Tertiary  coal-bearing 
rocks,  and  the  fault  may  simply  represent  a  zone  of  weakness  which 
has  persisted  from  Mesozoic  time.  This  zone  was  probably  not  de- 
veloped before  very  ]at«  Mesozoic  time,  for  otherwise  it  would  have 

■Cmppi,  S.  B.,  op.  dt,  pp.  53--CS. 

•Brooks,  A.  H.,  Oeolosfc  fe&tnret  of  Alatkan  metaUUetona  lodaa:  U.  8.  OcoL  Survay 
BnlL  460,  D.  eS,  1911. 

*  BroolM,  A.  H.,  niB  Hoont  McKlnlar  ngtos,  AlaAa :  D.  8.  Q«oL  SnTrey  Prof.  Paptr 
70,  p.  03,  1011. 

•  PrlndlB,  L.  IL,  A  |Nlo|ic  TaoonnaisMnca  of  tlM  ndrlMWkB  qtudrui^a,  Aladu  i  U.  B. 
GmL  Surrey  BolL  620,  p.  73,  ISia. 
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loBt  its  identic  in  the  orogenic  moTemraits  of  the  earlier  Mesozoic. 
This  fact,  then,  suggests  that  mineralization  took  place  after  early 
Mesozoic  time.  As  metallization  was  found  nowhere  in  the  district 
in  Tertiary  rocks,  and  as  the  granitic  rocks  with  which  metallization 
is  apparently  genetically  connected  were  nowhere  seen  to  cut  Ter- 
tiary rocks,  the  assumption,  based  on  negative  evidence,  is  made  that 
metallization  in  the  district  took  place  in  late  Mesozoic  time. 

Nothing  definite  could  be  learned  about  the  age  of  the  stibnita 
deposit.  The  fact  that  the  stibnite  occurs  alone  and  was  not  found 
in  associatioQ  with  the  arsenopyrite  and  bismuth  minerals  suggests 
that  it  may  belong  to  a  different  period  of  mineralization.  Brooks* 
says  that  "  the  formation  of  stibnite  lodes  of  Alaska  seems  to  have 
taken  place  principally  in  Tertiary  time." 

A  summary  of  the  probable  events  connected  with  metallization  in 
the  region  is  as  follows :  The  sulphides  accompanied  by  gold  were 
deposited  from  solutions  in  shear  zones  and  possibly  in  fissures  under 
conditions  of  rather  high  pressure  and  moderate  temperatures;  the 
solutions  were  derived  from  acidic  magmas  that  formed  the  granitic 
dikes;  arsenopyrite  and  quartz  were  deposited  first  and  were  fol- 
lowed by  the  bismuth  minerals ;  metallization  took  place  probably  in 
late  Mesozoic  time,  or,  possibly,  even  in  early  Tertiary  time. 

PROSPECTS. 

Almost  no  underground  development  work  has  been  done  on  the 
claims  in  the  district.  A  tunnel  3S  feet  long  and  a  shaft  15  feet  deep 
at  the  end  of  the  tunnel  were  opened  in  the  loose  rock  on  the  south 
side  of  Eva  Creek,  for  the  purpose  of  locating  the  source  of  the  min- 
eralized float  rock  in  Eva  Creek.  Gold  was  panned  from  decomposed 
rock  at  the  mouth  of  the  tunnel,  but  the  shaft  was  flooded  before 
anything  definite  could  be  ascertained  as  to  the  existence  of  an  ore 
body.  On  Eva  Creek,  about  a  quarter  of  a  mile  below  the  mouth  of 
this  tunnel,  some  of  the  decomposed  material  from  a  shear  zone  in 
the  schist  yielded  some  gold  when  panned.  The  decomposed  ma- 
terial consisted  of  pyrite,  arsenopyrite,  chlorite,  and  scorodite  (t). 
This  shear  zone  strikes  N.  15°  E.  and  dips  75°  S.  On  the  north  side 
of  Eva  Creek  several  shallow  pits  have  been  sunk  into  mineralized 
schist,  but  no  information  could  be  obtained  concerning  the  extent  or 
character  of  this  mineralization.  A  hand  specimen  of  oxidized  schist 
carrying  arsemopyrite  and  pyrite  from  a  claim  at  the  head  of  Moose 
Creek,  in  sec.  10,  T.  10  S.,  R-  7  W.,  was  found  on  assay  to  carry  gold. 

The  stibnite  daim,  the  Rambler  lode,  is  on  the  north  side  of  Cody 
Creek,  a  tributaiy  of  Moose  Creek,  in  sec.  8,  T.  10  S.,  R.  7  W.  A 
shallow  crosscut  and  two  shafts,  which  were  not  accessible  when  the 

>  Biooka,  A.  H.,  AndDMiv  dqxialtt  ot  Aluka :  D.  B.  Qeol.  Snrrer  Boll.  640,  p.  S,  191& 
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prospect  was  visited,  are  on  the  property.  The  crosscut  in  the  hill- 
side exposes  two  lenticular  bodies  of  stlbnite  in  a  greatly  oxidized 
fine-grained  seriate  schist  The  two  lenses  are  about  4  feet  apart 
The  lai^r  one  strikes  about  N.  70°  £.,  dips  75°  SE.,  and  cuts  across 
the  schistosity  of  the  country  rock  at  a  small  angle.  The  greatest 
thickness  shown  was  about  5  inches,  and  the  greatest  length  was 
about  3  feet.  A  quartz  stringer  about  an  inch  tiiick,  which  consists 
of  a  weathered  sugary  form  of  quartz,  occurs  with  the  stibnite  and 
lies  at  some  places  in  the  footwall  and  at  others  in  the  hanging  wall. 
Some  of  the  ore  at  the  shaft,  which  lies  several  himdred  feet  west 
of  the  crosscuts,  appeared  to  come  from  a  body  of  ore  that  is  larger 
than  those  exposed  in  the  crosscuts.  The  lenses  conmsted  almost  en- 
tirely of  stibnite  of  both  coarsely  granular  and  finely  granular  char- 
acter. The  stibnite  that  has  been  exposed  for  a  long  time  to  the 
weather  is  coated  with  light-yellow  earthy  decomposition  products 
(stibiconitef). 

DEPOSITS  IN  NEIGHBORING  DISTRICTS. 

A  few  facts  which  might  be  of  assistance  to  the  prospector  in  the 
Nenana  region  about  lode  occurrences  in*  adjacent  regions  geologi- 
cally fflmilar  are  here  summarized  from  Survey  reports.' 

FATBBAITKS  DISTBICT. 

The  rocks  in  the  Fairbanks  district  are  cut  by  many  igneous  in- 
trusives.  Quartz  veins  which  range  from  less  than  an  inch  to  12 
or  15  feet  in  width  are  common.  These  veins  have  a  strike  paralM 
generally  to  the  strike  of  the  country  rock,  and  their  dip  is  in  most 
places  steep.  A  little  orthoclase  may  be  associated  with  the  quartz. 
The  quartz  of  the  productive  veins  is  commonly  milky  white. 

The  metallic  minerals  that  occur  in  these  quartz  veins  are  pyrite, 
stibnite,  arsenopyrite,  galena,  sphalerite,  bismuth,  and  gold.  Pyrite 
is  the  most  abundant  and  under  the  action  of  the  weather  alters  to 
the  familiar  rusty-brown  limonite.  Stibnite  is  found  with  gold  in 
some  of  the  richest  quartz  veins.  Arsenopyrite  is  rather  abundant 
and  occurs  in  some  places  with  gold  and  stibnite.  Bi^nuth  inter- 
grown  with  gold  has  been  picked  up  in  placers,  and  is  reported '  with 

*  PrlDdle,  Ii.  tL,  AnrUeroni  goartB  T«lni  of  the  Fairbanks  diltrlct :  n.  8.  OcoL  SDrv«7 
BuU.  443,  pp.  310-S29.  ISIO. 

Bcookt,  A.  B.,  Geological  featnrw  of  Alartm  mettUIferoiii  lodM;  U.  B.  Oeol.  Sorrtr 
Boll.  4S0,  pp.  43-94.  1911. 

Capp^  S.  B.,  The  Bonniflcld  Teglou.  Alaska :  U.  8.  OeoL  Surer  BnlL  GOl,  1612. 

Prlndle,  L.  U„  Kats,  F.  J.,  and  Smith,  P.  8.,  Th»  Fali1>ankB  qaadraDBle:  V  B.  QeoL 
Burer  Bnll.  035,  1818. 

Cbapln,  Theodora,  Lode  mining  near  Fairbanks :  U.  8.  0«oL  BDrrer  BnlL  Sa3,  pp.  831- 
SBO,  1S14. 

•  Chapln,  TheoOore,  op.  dt,  p.  836 
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biamuthinite  (bismuth  sulphide)  "  in  a  very  rich  gold-bearing  vein 
quartz."  Galena  (lead  sulphide)  that  carries  silver  and  sphalerite 
(zinc  sulphide)  occur  in  the  Fairbanks  district.  Cassiterite  (tin 
oxide)  and  wolframite  (tungsten  ore)  are  found  in  placer  concen- 
trates. 

BOKKJJriZLD  TJIBTBld. 

Some  lode  mining  has  been  done  on  Wood  Kiver,  the  first  lai^ 
river  east  of  the  Nenana,  This  district  was  visited  by  a  Survey 
party  in  1910.  The  country  rock  is  quartz-feldspar  schist  that  is  cut 
by  intrusive  granitic  rocks,  and  the  mineralization  seems  to  be  re- 
lated genetically  to  these  intrusivea.  The  deposits  appear  to  be  of 
two  kinds — mineralized  bodies  of  schist,  or  igneous  rock,  and  qu&rtz 
veins.  The  gold  is  associated  with  pyrite.  At  one  locality  a  zone  of 
rhyolite  porphyry  and  at  another  a  body  of  black  quartzitic  schist, 
both  heavily  mineralized  with  pyrite,  are  reported  to  carry  gold.  On 
an<^er  of  the  creeks  a  large  quartz  vein  that  consists  of  massive 
milky  quartz  and  in  places  is  stained  with  limonite  carries  gold,  but 
the  assay  values  were  too  low  to  admit  of  mining  under  conditions 
existing  at  that  time. 
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GOLD  PLACERS  NEAR  THE  NENANA  COAL  FIELD. 

By  A.  Q.  Maddren. 


INTRODUCTION.  ' 

The  Xenana  district  lies  in  the  northern  foothill  belt  of  the  Alaska 
Kange,  along  the  sonthem  border  of  the  Tanana  Valley,  between 
147°  40'  and  14&°  20'  vest  longitude  and  63°  60'  and  64°  16'  north 
latitude.  This  area  has  been  described  under  the  name  "  Bonnifield 
region"  by  Prindle'  and  Capps.*  Prindle  included  all  areas  of 
placer  mining  between  Wood  Hiver  and  Nenana  Eiver  in  the  "Bonni- 
field placer  region,"  which  is  equivalent  to  the  area  here  called 
Nenaaa  district.  Capps  applied  the  name  "Bonnifield  region"  more 
broadly  to  include  a  large  area  of  the  foothill  province  east  of  Wood 
Kiver,  in  addition  to  that  between  Wood  and  Nenana  ~riyera  The 
considerable  areas  of  lignite  deposits  that  occupy  portions  of  the 
Bonnifield  placer  region,  as  defined  by  Prindle,  constitute  what  is 
now  commonly  called  the  Nenana  coal  field,  and  as  the  placer  gold 
deposits  discussed  in  this  report  are  distributed  throughout  the 
general  area  occupied  by  the  lignite-bearing  sediments  and  in  some 
localities  are  closely  associated  with  them,  a  ctsnmon  geographic 
designation  for  both  seems  desirable. 

The  field  observations  upon  which  this  report  is  based  were  made 
incidentally  to  detailed  stratigraphic  work  on  the  lignite  deposits 
of  the  Nenana  coal  field  during  the  summer  of  1916,  under  the  direc- 
tion of  G.  C.  Martin.  As  field  work  on  the  lignite  deposits  was 
restricted  to  the  western  half  of  the  district  the  observations  of  the 
writer  on  the  placers  cover  only  that  part  of  the  area.  The  notes 
here  presented  on  the  placers  of  the  eastern  half  of  the  district  are 
based  on  information  gathered  from  miners  and  proq>ectors.  The 
information  given  in  this  paper  is  more  or  less  supplemental  to  that 
obtained  by  Prindle  in  1906  and  by  Capps  in  1910,  although  some 
of  the  workings  they  noted  are  now  abandoned  and  several  others 
have  been  developed  since  their  visits.  Their  reports  have  beoi 
freely  drawn  upon. 

I  Prlsdle,  L.  H.,  Tbe  Boiulflcia  and  Kutliluia  ragtoiiB :  U.  S.  Q«ot.  Sorrer  BdD.  814, 
pp.  207-^2  IS,  1907. 
■Capps,  8.  K.,  Tbe  Bonniaeld  ref^on,  Alaska:  V.'S.  Oetri.  Burrej  Bull.  SOI,  1912. 
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OBOORAPHY. 

The  part  of  the  northern  foothill  province  of  the  Alaska  ^Range 
included  in  the  Nenana  district  is  well  marked  off  on  the  west  by 
Nenana  Kiver  and  on  the  east  by  Wood  River.  These  rivers  rise 
in  the  main  range,  to  the  south,  and  flow  northward,  bj  direct  courses 
in  deep  valleys,  across  the  moderately  mountainous  foothill  belt.  On 
the  south  the  foothill  belt  is  limited  by  the  higher  mountains  of  the 
northern  front  of  the  Alaska  Range,  whose  rugged  ridges  attain  alti- 
tudes of  5,000  to  6,500  feet.  On  the  north  the  foothill  belt  terminates 
with  a  somewhat  abrupt  east-west  front  that  stands  from  2,000  to 
3,000  feet  above  the  Tanana  Valley  lowlands.  These  lowlands  or 
broadly  terraced  plains  slope  gently  northward  and  extend  along 
the  base  of  the  foothills  for  about  25  miles,  to  Tanana  Biver.  As  thus 
bounded  by  high  mountains  on  the  south,  valley  lowlands  on  the 
north,  and  large  river  valleys  on  the  east  and  west,  the  Nenana  dis- 
trict comprises  a  rectilinear  block  of  the  foothill  province,  about  50 
miles  from  east  to  west  and  25  miles  from  north  to  south,  covering 
thus  an  area  of  about  1,250  square  miles. 

Although  considerable  areas  in  the  eastern  and  western  parts  of 
the  district  are  drained  by  tributaries  to  Wood  and  Xenana  rivers,  re- 
spectively, its  greater  part  is  drained  by  Totatlanika  and  Tatlanika 
creeks,  large  streams  that  rise  wholly  within  the  central  foothill  area 
of  the  district.  These  streams,  like  Nenana  and  Wood  rivers,  flow 
northward  across  the  dominant  easterly  trend  of  the  foothill  ridgea 
AH  four  of  these  trunk  streams  continue  northward  from  the  foothills 
across  the  Tanana  Valley  lowlands  and  discharge  into  Tanana  River. 
(See  PI.  XVn.) 

The  Nenana  district,  espedally  in  its  western  half,  exhibits  three 
chief  forms  of  topography.  These  are,  in  order  of  pr(Hninence,  a 
series  of  nearly  parallel  east-west  ridges  whose  general  altitude 
ranges  from  3,000  to  4,000  feet;  a  series  of  depressions  between  the 
foothill  ridges,  from  1,000  to  2,000  feet  below  the  crests;  and  a  num- 
ber of  narrow  canyons  eroded  to  depths  of  500  to  1,500  feet  across  the 
mountain  ridges  from  south  to  north  by  the  trunk  streams  of  the 
district.  Thus  the  foothill  belt  as  a  whole  is  one  of  marked  diversity, 
but  nevertheless  its  chief  features  have  a  rather  regular  arrangement, 
those  due  primarily  to  structure  trending  generally  east  and  those  due 
primarily  to  drainage  development  transecting  the  structural  trend 
eaaih.  to  north. 

GOLD   PINCERS. 
GENEBAI.  CONDITIONS. 

The  first  discoveries  of  placer  gold  in  the  Nenana  district  were 
made  in  1903  and  1904  by  prospectors  who  came  chiefly  from  Fair- 
banks, the  supply  center  of  the  region,  on  Tanana  River  about  60 


GOLD  PLACBBS  NBAB  THE   NENANA  COAL  FIELD.  865 

miles  to  the  north.  Additional  discoveries  have  been  made  from 
year  to  year  on  creeks  that  were  not  closely  examined  during  the  ini- 
tial period  of  prospecting,  and  it  is  probable  that  still  other  localities 
of  gold-bearing  gravels  may  be  found  here  in  the  future.  It  is  esti- 
mated that  from  50  to  100  men  were  engaged  in  prospecting  and  min- 
ing in  the  district  during  the  earlier  years  of  development,  but  dur- 
ing the  last  10  years  the  number  has  ranged  from  30  to  50. 

The  localities  where  placer  gold  is  known  to  occur  are  distributed 
throughout  the  district,  in  the  drainage  areas  of  all  the  trunk  streams. 
In  the  Nenana  Valley  gold  is  found  in  the  basins  of  three  eastern 
tributaries  to  the  main  river — ^Moose,  Hoseanna,  and  Healy  creeks.  In 
the  Totatlanika  basin  gold  occurs  on  California  Creek  and  its  tribu- 
taries, Rex  and  Eva  creeks,  at  a  number  of  points  along  the  main 
course  of  the  Totatlanika  above  the  mouth  of  California  Creek,  and 
in  Daniel,  July,  and  Homestake  creeks  and  McCuen  Gulch,  tribu- 
taries to  its  upper  course.  Id  the  Tatlanika  basin  productive  mining 
has  been  done  on  Grubstake  and  Boosevelt  creeks,  and  gold  is  re- 
ported to  be  present  in  Hearst  Creek  and  along  the  bed  of  the  main 
stream  for  several  miles.  Mining  has  been  done  at  several  localities 
along  Gold  King  Creek. 

In  general  placer-mining  claims  have  been  staked  and  restaked 
from  year  to  year  on  practically  every  stream  of  any  size  in  the  de- 
trict,  and  prospecting  has  been  done  at  hundreds  of  points  along 
these  streams  by  digging  open  cuts  and  shallow  holes. 

NENAHA  VAZXEY. 

Moose,  Hoseanna,  and  Healy  creeks  are  the  three  largest  tribu- 
taries to  Nenana  River  from  the  east  in  the  foothill  belt.  They  drain 
considerable  areas  in  the  western  and  southwestern  parts  of  the 
district 

MOOSE  CREEK. 


Moose  Creek  empties  into  Nenana  Kiver  about  45  miles  above  its 
mouth  by  the  course  of  the  river,  or  38  miles  by  the  line  of  the 
Government  railroad  that  is  now  being  constructed  along  the  east 
eide  of  the  Nenana  to  a  point  about  4  miles  above  the  mouth  of  Moose 
Creek,  where  it  is  to  cross  the  river  and  continue  southward  along  its 
west  bank.  Moose  Creek  is  about  10  miles  south  of  the  northern  bor- 
der of  the  foothill  belt.  Its  basin  comprises  about  20  square  miles  on 
the  eastern  slopes  of  the  Nenana  Valley.  It  is  formed  by  two  head- 
water streams,  Big  Moose  and  Little  Moose  creeks,  which  join  about 
6  miles  from  the  Nenana.  Little  Moose  Creek  flows  northwestward, 
and  the  main  creek  continues  in  the  same  direction.  Big  Moose 
103210°— 18— Bull.  662 24 
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Creek  enters  from  the  northeast,  and  about  2  miles  below  its  mouth 
another  tributary,  Cody  Creek,  enters  from  the  east  Two  miles  far- 
ther downstream  Chicken  Creek,  the  largest  tributaiy  to  Moose 
Creek,  flows  into  it  from  the  northeast. 


The  basin  of  Moose  Creek  is  eroded  in  schist  that  is  overlain  by  a 
thick  mantle  of  gravels.  The  schist  is  best  exposed  along  the  deeper 
parts  of  the  main  drainage  courses,  where  the  gravels  have  been 
eroded  away  by  the  streams.  The  schists  are  also  denuded  of  the 
overlying  gravels  on  the  divides  between  the  sources  of  Cody  Creek 
and  Ilex  Creek  and  between  Cody  and  Chicken  creeks.  Near  the 
junction  of  Chicken  Creek  with  Moose  Creek  the  bedrock  slopes  of 
the  Nenana  Volley  disappear  beneath  terraces  of  gravel  several  miles 
wide  that  extend  along  Nenana  River  throughout  the  foothill  belt. 

The  thick  deposits  of  high  gravels  that  overlie  the  schists  within 
the  ifoose  Creek  basin  occur  chiefly  on  the  ridges  and  spurs  between 
Cody,  Big  Moose,  and  Little  Moose  creeks  and  along  the  divide  nt 
(he  heads  of  these  streams.  On  these  ridges  the  gravels  range  in 
thickness  from  300  to  500  feet,  but  apparently  they  are  erosional  rem- 
nants of  a  considerably  greater  thickness  of  gravels  which  formerly 
covered'  the  whole  Moose  Creek  basin.  These  gravels  appear  to  be 
much  thicker  north  and  south  of  Moose  Creek  along  the  eastern  slopes 
of  the  Nenana  Valley  and  in  other  parts  of  the  district. 

DxAnrA&x. 

The  drainage  ^stem  of  the  Moose  Creek  basin  is  clearly  due  to 
rapid  downward  erosion  by  the  present  streams  through  the  thick 
gravels  and  into  the  underlying  schist  bedrock.  The  amount  of 
vertical  down-cutting  into  the  schist  ranges  from  200  to  500  feet 
along  the  stream  courses. 

Nenana  River,  the  controlling  factor  in  the  development  of  this 
drainage  system,  has  recently  intrenched  its  course  to  a  depth  of 
several  hundred  feet  below  an  older  valley  floor  several  miles  wide. 
The  surface  of  this  older  valley  floor  now  has  the  form  of  broad 
gravel  terraces  that  extend  along  the  river  throughout  its  foothill 
section.  These  broad  terraces,  together  with  many  narrow  ones 
high  on  the  valley  slopes,  indicate  successively  lowered  flood  plains 
in  the  course  of  the  valley's  erosion  to  its  present  form. 

Moose  Creek  has  adjusted  itself  to  the  recent  abrupt  down-cutting 
of  the  Nenana  by  intrenching  the  lower  2  miles  of  its  course  across 
the  broad  gravel  terraces  of  the  main  valley.  The  down-cutting 
has  been  continued  up  the  creek  and  its  larger  tributaries  nearly 
to  their  sources,  and  in  some  parts  of  the  basin  small  gorges  have 
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been  cut  into  the  schist  bedrock.  Thus  narrow  rock  benches  that 
represent  remnants  of  an  older  valley  floor  have  been  formed  here 
and  there.  These  rock  benches  within  the  Moose  Creek  basin  appear 
to  be  directly  related  to  one  or  more  of  the  broad  gravel  terraces 
of  the  Ifenana  Valley.  Together  these  features  indicate  that  the 
more  or  less  rapid  down-cutting  of  Nenana  River  and  its  tributaries 
has  been  arrested  at  intervals  for  periods  long  enough  to  enable  the 
streams  to  work  laterally  and  widen  their  flood  plains.  That  these 
periods  of  arrested  down-cutting  were  not  long,  however,  appears 
to  be  shown  by  the  fact  that  do  very  wide  or  continuous  benches 
have  been  formed  within  the  bedrock  porti(m  of  the  Moose  Creek 
basin. 

TLAOEKB. 

The  principal  placer  claims  in  the  Moose  Creek  basin  are  on  Big 
Moose  and  Little  Moose  creeks  and  along  the  main  stream  for  about 
a  mile  below  their  junction.  Big  Moose  and  Little  Moose  creeks 
are  each  about  2J  miles  in  length,  but  most  of  the  mining  on  them 
has  been  done  along  the  lower  mile  of  their  courses.  They  rise  on 
a  gravel  ridge,  3,000  feet  in  altitude,  that  divides  them  from  Eva 
and  Wilson  creeks,  which  flow  eastward  into  California  Creek.  The 
junction  of  Big  Moose  and  Little  Moose  creeks  has  an  altitude  of 
about  1,900  feet.  Big  Moose  Creek  falls  about  300  feet  in  the  lower 
mile  of  its  courae.  Little  Moose  Creek  falls  about  250  feet  in  the 
same  distance,  and  this  grade  continues  down  Moose  Creek  for  a 
mile  below  the  junction. 

The  first  gold  production  of  consequence  in  the  Moose  Creek  basin 
is  reported  to  have  been  made  in  the  later  part' of  the  smnmer  of 
1909,  when  about  100  ounces  was  mined  from  a  gravel-covered  bench 
with  schist  bedrock  near  the  mouth  of  Big  Moose  Creek.  Seven 
men  are  reported  to  have  mined  in  this  part  of  the  basin  in  1910, 
and  since  then  about  ther  same  number  of  men  have  been  raining 
each  summer.  In  1916  eight  men  were  mining  on  four  claims  in 
this  basin.  Three  men  were  working  on  a  claim  on  the  main  creek 
just  below  the  junction  of  Big  Moose  and  Little  Moose  creeks,  two 
men  were  mining  a  claim  on  Big  Moose  Creek  about  a  mile  above 
its  mouth,  and  two  claims  were  being  mined  by  three  men  on  Little 
Moose  Creek  about  half  a  mile  above  its  mouth.  IVfining  on  another 
claim  on  Big  Moose  Creek  just  above  the  one  that  was  worked  was 
discontinued  for  the  season  because  the  open  cut  was  filled  with 
waste  gravel  by  a  flood  in  June,  In  fact,  the  unusually  high  water 
at  that  time  set  back  mining  on  all  the  claims  in  some  measure,  as 
it  washed  out  some  of  the  automatic  dams  used  in  ground  sluicing 
and  carried  more  or  less  waste  gravel  into  open  cuts  that  had  been, 
prepared  for  shoveling  in. 
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The  yield  of  placer  gold  from  the  Moose  Creek  basm  during  the 
l»eriod  1909  to  1916  is  stated  to  have  averaged  the  equivalent  of  good 
wages,  or  about  $7  a  day  to  the  shovel.  It  is  estimated  that  the 
value  of  the  total  output  of  gold  to  date  is  about  $30,000. 

The  placer  gold  occurs  chiefly  along  the  present  stream  beds,  asso- 
ciated with  gravels  from  2  to  4  feet  thick.  Some  gold  also  occurs  with 
older  stream  gravels  on  rock  benches  that  now  stand  about  15  feet 
above  the  streams.  It  is  reported  that  prospects  of  gold  may  be  ob- 
tained at  some  points  in  the  high  gravels  that  rest  on  the  upper  Elopes 
of  the  valley,  but  no  mining  of  these  gravels  has  been  attempted. 
The  gold  has  not  been  found  in  pay  streaks,  but  so  far  as  mining  has 
disclosed  appears  to  be  distributed  in  more  or  less  disconnected 
patches  of  gravel  or  pockets  in  the  bedrock. 

Cody  Creek  is  reported  to  contain  prospects  of  placer  gold,  but 
no  mining  was  being  done  on  it  in  1916.  A  lode  of  stibnitA  (anti- 
mony sulphide)  occurs  in  the  basin  of  this  stream  and  may  be  asso- 
ciated with  gold  that  is  the  source  of  the  placer  prospects. 

Chicken  Creek  is  about  5  miles  long  and  has  its  sonrce  against 
that  of  Rex  Creek  to  the  east.  No  placer  gold  is  known  to  have 
been  mined  from  this  stream,  although  evidences  were  observed  of 
claims  having  been  staked  along  its  course.  Lignite-bearing  sediments 
occur  in  a  small  area  along  the  north  bank  of  Chicken  Creek,  about 
half  a  mile  above  its  junction  with  Moose  Creek,  and  small  quantities 
of  this  lignite  have  been  utilized  as  forge  fuel  by  the  miners  for 
sharpening  picks,  but  it  is  stated  to  be  of  inferior  qualify. 

lOH^jKAUZATIOH  AHS  SOTTSOZ  OT  THX  OOUt. 

Antimony  sulphide  occurs  in  the  valley  of  Cody  Creek.  Another 
locality  of  sulphide  mineralization  was  discovered  in  1916  on  LittJe 
Moose  Creek  near  its  source,  in  a  saddle  that  divides  it  from  Kva 
Creek.  The  chief  metalliferous  mineral  at  this  prospect  is  gold- 
bearing  arsenopyrite,  one  assay  of  which  shows  a  value  of  $21  to  the 
ton. 

This  mineralization  is  believed  to  be  directly  connected  in  origin 
with  dikes  and  stocks  of  igneous  rock  intruded  into  the  schists  of  the 
McK>se  Creek  basin  at  several  localities  and  with  other  intrusives 
that  are  probably  present  but  not  now  known. 

From  the  evidence  at  hand  the  writer  is  strongly  inclined  to  credit 
the  chief  source  of  the  placer  gold  of  Moose  Creek  basin  to  mineral- 
ized zones  in  the  schist  bedrock  and  to  consider  that  the  gold,  at  least 
in  greater  part,  has  been  derived  directly  from  the  sdiists  by  the 
erosion  of  the. present  streams  ^ce  the  schists  were  denuded  of  the 
thick  overlying  gravels.  In  other  words,  the  overlying  gravels  are 
not  considered  to  have  contributed  very  much  gold  to  ths  present 
placers  of  Moose  Creek. 
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UOaEANNA    CBEBK. 
SEVZXAI.  yXATITSES. 

HoBeanna  Creek,  sometimes  called  Lignite  Creek,  is  a  large  stream 
about  15  miles  in  length  that  discharges  into  Nenana  Hiver  from  the 
east  about  13  miles  south  of  Moose  Creek.  The  valley  of  this  stream 
is  3  or  4  miles  ^vide  from  north  to  south  and  as  a  whole  forms  a 
marked  depression  in  the  east-west  foothill  belt:  This  depression  is 
almost  entirely  occupied  by  a  thick  formation  of  lignite-bearing  sedi- 
ments, of  early  Tertiary  (Eocene)  age,  that  are  but  slightly  con- 
solidated. Because  of  the  relative  softness  of  the  lignite-bearing 
formation,  Hoseanna  Creek  and  its  tributaries  have  been  able  to 
erode  the  valley  deeply,  bringing  the  drainage  into  adjustment  with 
the  most  recent  down-cutting  of  Nenana  River.  As  a  result  of  this 
rapid  intrenchment  practically  all  the  streams  of  the  Hoseanna 
Valley  Sow  in  gorges  bounded  by  bluff  slopes  from  100  to  800  feet 
high,  and  the  flood  plains  of  the  streams  are  narrow.  Even  the 
valley  floor  of  the  main  stream  is  in  few  places  more  than  a  quarter 
of  a  mile  in  width. 

The  Hos3anna  Valley  is  bounded  on  the  south  by  a  ridge  of  schists 
that  forms  the  divide  between  it  and  the  valley  of  Healy  Creek.  On 
the  north  it  is  separated  from  the  drainage  basin  of  California 
Creek  and  the  headwaters  of  the  Totatlanika  by  broad  ridges  that 
are  composed  chiefly  of  the  lignite-bearing  formation  of  the  district, 
overlain  by  high  gravels  such  as  occur  about  tiie  sources  of  Moose 
Creek.  In  fact,  thess  high  gravels  extend  continuously  along  the 
eastern  slopes  of  the  Nenana  Valley  from  the  head  of  Moose  Creek 
to  the  lower  part  of  the  Hoseanna  Valley. 

Prospects  of  placer  gold  are  reported  to  occur  in  the  bed  of  Hose- 
anna Creek  about  8  miles  above  its  mouth  and  on  Popovich  and 
Sanderson  creeks,  two  of  its  tributaries. 

POPOTIOa  OXEEK. 

Popovich  Creek  empties  into  the  Hoseanna  from  the  north  about 
6  miles  above  its  mouth.  It  is  about  4  miles  long  and  drains  a  deep 
gulch  like  most  of  the  other  tributaries  to  the  main  stream,  ^peciaUy 
on  the  north.  The  lower  IJ  miles  of  Popovich  Creek  is  deeply  in- 
trenched across  the  lignite-bearing  formation  of  the  valley,  whose 
beds  here  trend  east  and  dip  north.  The  upper  course  of  the  stream 
and  its  several  headwater  branches  are  deeply  eroded  into  the  high 
gravels  that  overlie  the  lignite  formation.  These  gravels  are  very 
thick  on  this  part  of  the  northern  divide  of  the  Hoseanna  Valley 
and  in  their  basal  portions,  along  the  stream  cuts,  show  stratiScation 
with  structural  dips  of  10°-15°  N.  that  are  similar  to  those  of  the 
lignite-bearing  sediments  beneath  them.    This  indicates  that  at  least 
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a  part  of  the  gravels  have  been  deformed  to  about  the  same  degree 
and  in  the  same  manner  as  the  lignite-bearing  sediments.  Higher 
on  the  slopes,  however,  structural  deformation  of  the  gravels  is  not 
80  evident  and  much  of  the  material  seems  to  be  reworked  gravel 
that  lies  horizontally  upon  the  beveled  strata  of  the  older  gravels. 
Stream  gravels  resting  on  a  lignite-bearing  bedrock  along  the  lower 
course  of  Popovich  Creek  are  reported  to  contain  some  placer  gold. 
A  small  amount  of  prospecting  of  these  gravels  was  done  during  1916 
by  one  man.  As  these  present  stream  gravels  are  without  doubt 
derived  chiefly  from  the  tilted  gravels  that  structurally  overlie  the 
lignite  formation  in  the  upper  part  of  the  valley  it  seems  most  rea- 
sonable to  assume  that  the  source  of  any  placer  gold  in  this  valley 
must  be  in  the  old  tilted  gravels.  These  gravels,  however,  have  not 
been  prospected  thoroughly  enough  to  justify  definite  conclusions  re- 
garding the  placer  gold  they  may  contain.  The  conditions,  both 
stratigraphic  and  erosional,  presented  on  Popovich  Creek  appear  to 
be  the  same  as  those  in  the  lower  part  of  the  Healy  Creek  valley,  a 
few  miles  to  the  south,  where  the  lignite  formation  is  overlain  by  a 
great  thickness  of  tUted  gravels  that  seem  definitely  to  contain  placer 
gold.    (Seep.  372.) 

flAKDESBON'  OBEEK. 

Sanderson  Creek  is  a  large  headwater  branch  of  Hoseanna  Creek 
about  5  miles  long  that  discharges  into  the  main  stream  about  10 
miles  above  its  mouth.  The  lower  mile  of  this  creek  is  intrenched 
in  the  lignite  formation ;  its  middle  course  lies  along  the  contact  be- 
tween the  lignite  formation  and  the  underlying  schists;  and  the 
upper  half  of  its  valley  is  entirely  in  the  schists.  These  schists  form 
the  mountainous  ridge  that  divides  the  Hoseanna  Valley  on  the 
north  from  the  Healy  Valley  on  the  south.  The  upper  part  of  San- 
derson Creek  has  eroded  its  valley  into  these  schists  to  a  depth  of 
1,000  feet  or  more. 

A  number  of  placer  claims  have  been  located  and  relocated  along 
Sanderson  Creek  during  the  last  10  years,  but  no  mining  of  conse- 
quence appears  to  have  been  done  on  any  of  the  claims.  At  several 
points  along  the  middle  course  of  the  creek  there  are  abandoned 
sluice  boxes  which  apparently  have  not  been  used  recently.  Several 
men  are  reported  to  have  worked  on  this  creek  in  1906,  and  many  of 
the  claims  have  been  relocated  since  that  time. 

Prospecting  on  this  creek  seems  to  have  been  confined  to  its  middle 
course,  where  the  stream  flows  along  the  contact  between  schists  on 
the  south  and  the  lignite  formation  on  the  north.  To  judge  from 
the  general  geologic  conditions  of  the  valley  this  part  of  Sanderson 
Creek  does  not  appear  to  be  as  favorable  for  placer  gold  as  its  upper 
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part,  where  the  headwater  branches  are  eroded  entirely  in  highly 
metamorphosed  schists  exhibiting  evidences  of  strongly  sheared  zones 
with  quartz  vein  mineralization. 

BEALT  CHEEK. 
aZBZBAL  TBATDSX8. 

Healy  Creek  is  the  largest  tributary  to  Nenana  River  from  the  east 
in  the  foothill  belt.  It  is  25  miles  long  and  discharges  into 
the  Nenana  about  5  miles  south  of  Hoseanna  Creek,  or  54  miles 
above  the  mouth  of  Nenana  River  by  the  line  of  the  Govern- 
ment railroad  now  being  built  up  this  valley.  The  valley  of  Healy 
Creek  trends  almost  directly  west  and  is  comparatively  broad  but 
deep,  its  slopes  rising  1,500  to  3,000  feet,  from  an  old  valley  floor 
about  a  mile  wide,  to  divides  that  stand  5  or  6  miles  apart.  The 
older  floor  of  the  valley  is  now  represented  by  benches  from  100  to 
300  feet  above  the  present  flood  plain,  which  is  relatively  narrow. 
These  benches  have  been  produced  by  the  recent  intrenchment  of 
Healy  Creek  and  its  tributaries.  The  tributaries  have  not  only  cut 
sharp,  narrow  gorges  across  the  benches  but  have  eroded  deep  gulches 
up  the  valley  slopes  well  toward  tiieir  heads.  The  valley  previous 
to  its  recent  intrenchment  appears  to  have  had  a  U-shaped  cross  sec- 
tion, with  rather  smooth  slopes  and  a  broad,  fiat  floor  that  strongly 
suggests  former  occupation  and  molding  by  a  glacier.  The  in- 
trenchment of  this  valley,  like  that  of  Moose  and  Hoseanna  valleys, 
has  been  controlled  by  and  is  in  adjustment  with  the  recent  down- 
ward erosion  of  Nenana  River  across  the  foothill  belt.  The  moun- 
tain summits  along  the  southern  divide  of  the  Healy  Creek  valley 
have  altitudes  of  5,000  to  6,000  feet  and  may  be  considered  to  mark 
the  northern  front  of  this  portion  of  the  Alaska  Range. 


The  greater  part  of  the  Healy  Creek  valley  is  eroded  in  micaceous 
and  quartzitic  schists.  Practically  al2  the  slopes  and  divides  of  the 
valley  on  both  sides  are  composed  of  schistose  rocks  except  along 
the  western  6  miles  on  the  north,  where  there  is  a  thick  series  of 
semiconsolidated  gravels  underlain  by  lignite-bearing  sediments. 

Although  the  schistose  bedrock  of  the  valley  might  appear  favor- 
able for  gold  mineralization  from  which  placers  might  be  concen- 
trated, no  placer  gold  deposits  whose  origin  is  directly  related  to 
(he  present  erosion  in  the  schists  have  been  found  within  the  valley. 

The  only  valuable  deposit  of  placer  gold  known  in  the  Healy  Creek 
valley  is  closely  associated  with  the  thick  gravels  that  overlie  the 
lignite  formation  in  the  lower  part  of  the  valley  on  its  north  side. 
As  this  occurrence  seems  to  afford  evidence  of  the  presence  of  placer 
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gold  in  Bome  parts  of  the  old  gravels  of  the  region  the  essential 
geologic  relations  of  these  gravels  to  the  older  rocks  in  this  locality 
are  here  considered  in  some  detail  in  order  that  comparisons  may  be 
made  with  other  localities. 

The  geologic  section  of  the  lower  10  miles  of  the  Healy  Creek 
valley  comprises  schists,  lignite- bearing  sediments,  and  a  great  thick- 
ness of  gravels.  The  schists  form  the  south  slopes  of  the  valley  and 
may  be  dismissed  from  further  consideration  with  the  statement  that 
the  lignite-bearing  foimation  rests  upon  them  unconfonnably. 

The  lignite-bearing  formation  extends  along  the  bottom  of  the 
valley  throughout  its  lower  10  miles  as  a  belt  about  1  mile  wide, 
whose  general  structural  trend  is  west,  corresponding  with  the  direc- 
tion of  the  valley.  Nearly  all  the  western  half  of  this  belt  lies  on 
the  north  side  of  Healy  Creek,  and  the  greater  part  of  its  eastern  half 
lies  on  the  south  side-^that  is,  Healy  Creek  cuts  the  belt  transversely 
about  the  middle  of  its  length. 

The  lignite  beds  in  this  belt  strike  S.  66''-80''  W.  and  dip  25''-35*' 
K.  The  stratigraphic  thickness  of  the  formation  is  fully  1,500  feet 
and  possibly  2,000  feet,  to  judge  from  measurements  made  by 
Prindle'  about  2  miles  above  the  mouth  of  Healy  Creek  and  by 
Capps  *  about  6}  miles  above  the  mouth. 

In  the  downstream  half  of  the  belt,  where  the  top  of  the  lignite- 
bearing  beds  extends  along  the  benches  and  lower  north  slopes  of 
the  valley,  the  strictly  lignite-bearing  sediments  are  overlain,  with 
what  may  or  may  not  be  depo^tional  conformity,  by  about  500  feet 
of  soft  sandy  shales  that  appear  to  be  practically  barren  of  lignite 
beds,  although  they  contain  some  thin  disconnected  layers  of  ligni- 
tized  vegetable  remains.  The  relation  of  these  sandy  shales  to  the 
lignite-bearing  beds  beneath  them  appears  to  be  close;  but  their  some- 
what different  lithologic  character  and  the  apparent  absence  of  well- 
developed  beds  of  lignite  in  them  seem  to  point  to  the  conclusion 
that  they  are  not  of  the  same  age  as  the  typical  lignite-bearing  sedi- 
ments of  the  region.  In  this  connection  it  is  suggestive  that  in  an- 
other part  of  the  district,  on  Roosevelt  Creek  near  its  mouth,  plant- 
bearing  beds  possibly  younger  than  the  typical  lignite  formation  of 
the  region  are  indicated  by  fossil  leaves  tiiat  occur  in  a  considerable 
thickness  of  fine  sediments  beneath  thick  gravels.  (See  p.  399.)  On 
Roosevelt  Creek,  as  on  lower  Healy  Creek,  placer  gold  in  the  present 
stream  gravels  appears  to  be  derived  from  older  placers  in  the  thick 
deposits  of  gravels  that  seem  to  overlie  a  considerable  thickness  of 
fine  sediments  which  are  younger  than  the  typical  lignite-bearing 

>  Prtadle,  L.  M..  The  BoDnlQeld  and  EaDtiBbD&  rcgiona :  U.  S.  Geot.  Survc;  Boll.  314, 
p.  22S.  leOT. 

*  Capps,  B.  B.,  The  Bannlfleld  ngioa,  Alaska:  U.  B.  <ieol.  Survey  Bull.  SOI,  pp.  ST,  68, 
1913. 
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formation  of  the  region.  Brooks'  has  discussed  the  stratigraphic 
features  here  mentioned,  but  at  the  time  of  his  writing  there  were 
no  data  availahle  about  the  occurrence  of  placer  gold  in  the  old 
gravels  of  the  Healy  Creek  valley. 

The  sandy  shales  just  considered  are  overlain  by  about  200  feet  of 
strongly  cross-bedded  sands  containing  lenticular  beds  of  gravel  and 
a  number  of  pieces  of  lignitized  wood  that  have  the  appearance  of 
having  been  deposited  with  the  sands  and  gravels  as  stream-washed 
driftwood.  The  upper  part  of  this  200  feet  of  cross-bedded  sands  and 
gravels  grades  upward  into  coarse  heavy-bedded  gravels  whose  strati- 
graphic  thickness  is  at  least  2,000  feet.  Tliis  thi<^  deposit  of  gravels 
has  been  named  the  Nenana  gravel  by  Capps.^ 

The  strong  cross-bedding  of  the  sands  immediately  beneath  the 
typical  Nenana  gravel  in  the  Healy  Creek  section  and  the  heavy  bed- 
ding of  the  gravels  themselves  furnish  ample  evidence  that  these  sedi- 
mraits  have  been  laid  down  by  streams  that  were  much  more  vigorous 
than  those  of  the  drainage  system  which  existed  during  the  deposi- 
tion of  the  lignite  formation  and  the  overlying  500  feet  of  sandy 
shales  in  the  Healy  Creek  valley.  Observations  made  by  the  writer 
4  to  6  miles  above  the  mouth  of  Healy  Creek  seem  to  indicate  that  the 
cross-bedded  sands  immediately  beneath  the  heavy-bedded  gravels 
are  a  basal  phase  of  the  Nenana  gravel  composed  chiefly  of  reworked 
sediments  derived  from  the  older  lignite-bearing  sediments  and  asso- 
ciated sandy  shales,  these  older  sediments  apparently  having  been 
locally  subjected  to  strong  stream  erosion  and  redeposition  during 
the  initial  stage  of  drainage  development  that  produced  and  built 
up  the  thick  Nenana  gravel. 

The  character  of  the  Nenana  gravel  in  the  Healy  Creek  valley  may 
be  observed  to  advantage  along  the  courses  of  several  small  tributaries 
that  have  eroded  deep  gulches  across  the  stratification  of  the  gravel 
from  north  to  south.  To  judge  from  the  cleanest  exposures  along 
these  gulches,  the  gravels  are  moderately  coarse  throughout  their 
thickness  of  2,000  feet  or  more.  They  contain  a  considerable  propor- 
tion of  cobbles  as  much  as  6  inches  in  diameter.  Most  of  the  pebbles 
<ire  between  1  and  2  inches  in  diameter,  and  the  percentage  of  peb- 
bles less  than  1  inch  in  diameter  is  relatively  smalL  However,  there 
is  enough  sand  and  grit  mixed  with  the  pebbles  to  compact  them 
firmly  as  a  whole,  and  at  some  horizons  these  finer  sediments  form 
beds  several  feet  in  thickness  that  are  continuous  as  distinctive  strata 
for  considerable  distances. 

'  Brooks,  A.  H.,  The  Monnt  McKlnlej  teglon,  Alaskn :  V.  S.  Geol.  Snrvey  Prof.  Paper 
70.  pp.  102.  108.  JOll. 

'Cappe,  S.  R.,  Tbe  Bonalfleld  regloo,  Alaska  ;  II.  S,  Geol.  Bnrvey  Bull.  SOI.  pp.  30-M, 
1012. 
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The  Nenana  gravel  comprises  pebbles  of  schist,  quartzite,  slate, 
black,  green,  and  red  chert,  white  vein  quartz,  granite,  and  a  varie^ 
of  other  igneous  rocks.  All  these  rocl^  are  known  to  occur  in  the 
Alaska  Range,  from  which  the  chief  part  of  the  gravel  is  believed  to 
have  been  derived.  The  most  abundant  pobbles  appear  to  be  those  of 
vein  quartz  and  quartzite.  Some  of  the  schist  fragments  at  or  near 
the  base  of  the  deposits  in  some  localities  are  Sat,  slabby,  and  angular 
and  do  not  seem  to  have  been  transported  far  from  their  bedrock 
source,  but  the  thoroughly  rounded  and  polished  condition  of  most 
of  the  pebbles  and  cobbles  indicates  they  have  been  subjected  to  con- 
siderable wear  by  running  water  and  that  probably  they  have  been 
transported  s<Mne  distance. 

Although  there  are  a  number  of  large  boulders,  some  of  which  are 
iO  to  IS  feet  in  greatest  dimensions,  in  the  beds  of  the  gulches  tliat 
dissect  the  Nenana  gravel  in  the  Healy  Creek  valley,  it  is  not  clear 
that  these  are  derived  from  the  older  gravels,  for  few  of  the  boulders 
observed  actually  embedded  in  the  stratified  gravels  where  they 
are  freshly  exposed  along  the  gulches  are  more  than  1  foot  in 
diameter.  The  writer  is  indined  to  consider  that  practically  all  the 
very  large  boulders  that  occur  in  the  present  stream  beds  or  upon 
the  slopes  and  benches  of  their  TaUeys  have  been  derived  from  glacial 
deposits  that  were  laid  down  on  an  older  surface  of  the  gravels  before 
they  were  eroded  to  their  present  form. 

The  prevailing  color  of  the  gravels  is  rusty  brown,  owing  to  the 
deep  and  general  oxidation  they  have  undergone.  The  fine  sediments 
that  occupy  the  spaces  between  the  pebbles  are  in  places  slightly 
cemented  by  iron  oxide,  and  some  strata  of  considerable  thicknes 
are  consolidated  to  conglomerate.  This  cementation,  however,  is 
rarely  firm  enough  to  resist  atmospheric  disintegration  and  as  a  re- 
sult the  gravels  yield  rapidly  to  erosion.  Even  comparatively  small 
streams  cut  deep  gulches  into  the  gravels,  as  may  be  observed  in  the 
Healy  Creek  valley,  and  larger  streams  erode  valleys  of  considerable 
width.  The  ready  erosion  of  these  gravels  is  probably  due  lai^ly 
to  the  fact  that  well-rounded  pebbles  are  easily  moved  by  compara- 
tively small  volumes  of  running  water. 

The  Nenana  gravel  is  well  developed  along  the  upper  north  slopes 
and  divide  of  the  Healy  Creek  valley  for  a  distance  of  about  4  miles, 
from  2  to  6  miles  above  the  mouth  of  the  main  stream.  The  tilted 
gravels  that  now  occupy  this  area  are  apparently  only  a  remnant  of 
a  belt  that  formerly  extended  considerable  distances  to  the  east  and 
to  the  west.  The  eastern  portion  appears  to  have  been  removed 
through  erosion  by  Healy  Creek  and  the  western  portion  through 
erosion  by  Nenana  River. 
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In  the  section  on  Healy  Creek  the  gravels  present  a  measurable 
stratigraphic  thickness  of  at  least  2,000  feet,  and  it  is  probable  that 
they  may  have  a  maximum  thickness  of  3,000  feet  in  this  locality. 

The  dominant  bedding  planes  of  the  tliick  Nenana  gravel  and  of 
the  immediately  underlying  cross-bedded  sands  that  are  considered 
to  be  a  local  basal  phase  of  the  gravel  on  Healy  Creek  appear  to 
have  practically  the  same  trend.  The  strikes  are  from  west  to 
N.  85"  W.;  the  dips  are  rather  uniformly  19°  N.  throughout  the 
lower  1,000  feet  of  the  gravel  and  U°-S5°  N.  in  the  upper  1,000  feet 

The  northward  dip  of  these  sediments  appears  to  be  primarily  due 
to  a  fault  movement  that  has  tilted  not  only  the  gravels  but  likewise 
the  Ugnite  formation  beneath  them,  the  two  having  been  brought  to 
their  present  attitude  as  a  structural  unit  or  block.  The  trend  of 
this  fault  is  east  (in  general  parallelism  with  the  strike  of  the  gravels, 
and  the  movement  along  it  has  resulted  in  the  downthrow  of  the 
Nenana  gravel  to  the  south  so  that  it  now  abuts  abruptly  against 
schists  that  mark  the  north  (upthrown)  side  of  the  fault.  These 
schistose  rocks  form  the  divide  between  Healy  and  Hoseanna  valleys. 

The  section  of  the  Healy  Creek  valley  thus  shows  a  thickness  of  at 
least  4,000  feet  of  stream-laid  sediments,  the  lower  and  upper  halves 
of  which  differ  in  general  lithologic  character  and  appear  to  have  a 
distinguishable  discordance  in  strike,  although  the  differences  in  dip 
are  not  so  pronounced.  The  average  difference  of  strike  between  the 
lignite  formation  and  the  Nenana  gravel  appears  to  be  about  20° ;  and 
the  average  dip  of  the  gravel,  at  least  in  its  basal  members,  appears 
to  be  somewhat  less  than  that  of  the  lignite  formation. 

This  apparent  discordance  in  structure  appears  to  indicate  a  depo- 
sitional  unconformity  between  the  lower  and  upper  halves  of  the 
section  that  is  also  marked  by  the  differences  in  character  of  the  sedi- 
ments. These  differences,  however,  are  not  equally  evident  in  all 
exposures  and  may  be  practically  unrecognizable  at  some  points. 
Nevertheless  there  seems  to  be  little  question  that  there  is  in  tiiis 
locality  an  unconformity  due  to  a  change  in  the  drainage  conditions 
between  the  period  during  which  the  lignite-bearing  sediments  were 
deposited  and  the  period  during  which  the  thick  gravels  were  ac- 
cumulating. The  drainage  conditions  of  the  earlier  period  appear 
to  have  been  those  of  comparatively  moderate  stream  erosion  with 
deposition,  favorable  for  the  formation  of  lignite  beds;  and  the 
drainage  conditions  of  the  later  period  were  evidently  those  of  very 
vigorous  stream  erosion  whidi  in  the  beginning  was  strongly  de- 
grading and  favorable  for  the  production  and  transportation  of  great 
quantities  of  well-rounded  gravels.  This  later  period  of  vigorous 
erosion  was  also  favorable  for  the  production  of  placer  gold  in  areas 
where  the  country  rocks  contained  lode  gold. 
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FLAOEB  QOtS. 

Placer  gold  occurs  in  the  present  stream  gravels  of  three  tributarie-s 
to  lower  Healy  Creek — Alaska,  French,  and  Home  creeks,  named  in 
upstream  order.  These  streams  are  from  2  to  3  miles  in  length  and 
discharge  into  Healy  Creek  from  the  north  about  8,  4,  and  5  miles, 
respectively,  above  its  mouth.  Although  the  volume  of  these  streams 
is  comparatively  small  they  have  eroded  gulch  valleys  to  depths  of 
300  to  600  feet  across  the  Xenana  gravel,  which  forms  the  upper  north 
slopes  of  this  part  of  the  valley.  This  deep  erosion  by  streams  so 
small  is  accounted  for  partly  by  the  stream  grade,  which  is  between 
250  and  300  feet  to  the  mile,  and  partly  by  the  fact  that  the  gravels 
are  only  slightly  cemented  and  are  well  rounded. 

These  gulch  valleys  are  eroded  in  practically  no  other  deposits  than 
the  Nenana  gravel,  except  that  glacial  deposits  may  have  formerly 
overlain  the  gravels  and  have  since  been  removed  from  the  areas  now 
drained  by  the  streams.  The  only  evidence  of  the  former  presence 
of  glacial  deposits  found  in  these  drainage  areas  consists  in  large 
boulders  that  occur  with  the  recently  washed  stream  gravels,  chiefiy 
along  the  beds  of  the  gulches.  These  boulders  do  not  appear  to  bo 
derived  irom  the  tilted  gravels,  and  their  large  size  and  variety  of 
composition  suggest  that  glaciers  were  the  only  agency -competent 
to  transport  them  to  their  present  positions. 

It  seems  probable  that  any  placer  gold  in  the  present  stream  gravels 
of  French  and  Alaska  gulches  is  derived  from  the  Nenana  gravel, 
and  this  conclusion  is  also  supported  by  the  evidence  as  to  the  deriva- 
tion of  the  placer  gold  in  the  present  stream  gravels  of  Home  Creek, 
for  the  schists  on  the  upper  course  of  this  stream  do  not  appear  to 
have  produced  placer  gold  during  the  eroaon  of  the  gulch. 

There  are  no  definite  data  at  hand  as  to  whether  the  placer  gold  ia 
the  Nenana  gravel  is  confined  to  a  few  particular  stratigraphic  hori- 
zons in  these  gravels  or  is  somewhat  widely  scattered  throughout  their 
thickness.  So  far  as  known  no  attempt  has  been  made,  even  of  a 
superficial  characttjr,  to  prospect  for  gold  in  the  Nenana  gravel  itself. 
It  is  significant,  however,  that  placer  gold  is  known  to  occur  at  about 
the  same  horizon  in  each  of  the  three  large  gulches  that  transect  the 
Nenana  gravel  in  Healy  Creek  valley.  From  the  evidence  furnished 
by  the  distribution  of  the  reconcentrated  placer  gold  in  these  gulches 
it  seems  likely  that  this  gold  has  its  chief  source  in  the  tower  500  feet 
of  the  Nenana  gravel. 

It  is  not  known  when  placer  gold  was  discovered  in  these  gulches, 
but  the  first  mining  seems  to  have  been  done  in  1913  on  Home  Creek, 
which  is  the  largest  of  the  three. 

HOVS  OBEEK. 

Home  Creek  is  about  3  miles  long.  Its  lower  half  flows  in  a  direct 
course  somewhat  east  of  south  across  the  belt  of  Nenana  gravel,  and 
its  upper  half  flows  east  along  or  near  the  fault  line  that  marks  the 
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northward  limit  of  these  tilted  gravels  in  this  valley.  The  upper  sec- 
tion of  Home  Creek  thus  seems  to  have  had  its  position  and  direction 
determined  by  the  fault.  The  upper  section  of  this  valley  has  been 
eroded  almost  entirely  in  the  gravels,  for  the  schists  that  form  the 
north  slopes  of  the  valley  appear  to  have  been  little  more  than 
cleared  of  the  gravels  that  formerly  abutted  against  them,  and  only 
a  few  6teep  gulches  have  been  cut  into  the  schistose  rocks  by  short 
tributaries. 

It  is  reported  that  no  placer  gold  has  been  found  in  the  material 
eroded  from  these  gulches  in  *the  schists  and  practically  none  in  the 
stream  gravels  along  the  upper  half  of  Home  Creek,  although  it  is 
evident  that  a  great  quantity  of  the  Nenana  gravel  has  been  removed 
from  this  part  of  the  valley.  This  apparently  indicates  that  the 
schists  of  the  north  slopes  of  the  upper  valley  have  not  been  eroded 
sufficiently  to  produce  placers,  even  if  they  contain  gold,  and  that 
the  part  of  the  Nenana  gravel  that  has  been  removed  by  erosion  along 
the  fault  line  does  not  contain  sufficient  placer  gold  to  form  valuable 
deposits  even  after  the  concentration  of  a  large  quantity  of  gravel. 
The  structural  attitude  of  the  Nenana  gravel  in  the  Healy  Creek 
valley  indicates  that  the  part  of  it  that  has  been  eroded  away  along 
the  upper  valley  of  Home  Creek  is  from  1,000  to  2,000  feet  above  tlie 
base  of  the  section. 

The  lower  1^  miles  of  Home  Creek  has  eroded  a  gulch  across  the 
Nenana  gravel'  belt  of  the  Healy  Creek  valley  to  a  depth  of  about 
500  feet  The  present  flood  plain  of  the  stream  occupies  practically 
the  whole  width  of  the  bottom  of  this  gulch,  which  is  narrow 
throughout  its  length,  being  in  few  places  more  than  150  feet  wide. 
The  grade  of  the  bed  of  Home  Creek  is  between  5  and  6  per  cent, 
consequently  the  transportation  of  the  well-rounded  gravels  along 
it  is  very  active,  especially  during  times  of  flood,  when  the  volume 
of  water  is  probably  sufficient  to  occupy  the  whole  bed  of  the  gulch. 
All  the  gravels  along  the  bed  of  the  gulch  are  cleanly  washed,  very 
little  fine  sediment  being  deposited  with  them.  The  flood  plain 
gravels  rarely  accumulate  to  a  greater  thickness  than  4  or  5  feet,  and 
their  average  thickness  is  about  2  feet.  However,  the  stream  is  often 
temporarily  clogged  and  diverted  from  one  side  of  its  flood  plain  to 
the  other  by  large  slides  of  gravel  from  the  steep  gulch  slopes. 

The  (»x)68-bedded  sands  and  gravels  that  are  considered  to  form 
the  basal  part  of  the  Nenana  gravel  in  the  Healy  Creek  valley  are 
exposed  in  low  bluffs  at  the  mouth  of  Home  Creek,  where  that 
stream  enters  the  flood  plain  of  Healy  Creek.  Thus  the  lower  IJ 
miles  of  Home  Creek  is  eroded  across  the  whole  stratigraphic  thick- 
ness of  the  Nenana  gravel  as  developed  in  this  locality,  and  the 
bedrock  upon  which  the  recent  gold-bearing  stream  gravels  of  Home 
Creek  rest  is  composed  entirely  of  the  tilted  Nenana  gravel.  This 
gravel  is  semiconsolidated  along  Home  Creek  gulch,  but  in  general 
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its  cementation  is  so  slight  that  it  will  barely  stand  upon  exposure 
to  ordinary  disintegration,  although  a  few  members  have  more  re- 
sistance than  others  and  present  more  or  less  distinct  outcrops  along 
the  valley  slopes,  chieSy  in  fresh  exposures  caused  by  slides.  The 
gravel  bedrock  along  the  immediate  course  of  Home  Creek,  however, 
appears  to  be  quite  uniformly  compact  and  must  be  loosened  with 
picks  in  mining. 

Most  of  the  mining  on  Home  Creek  has  been  done  in  the  bed  of 
the  stream  from  one-fourth  to  three-fourths  of  a  mile  above  its 
mouth.  In  1913  four  men  brought  two  boatloads  of  supplies  to  the 
mouth  of  Home  Crseek  from  the  Xanana  hy  way  of  Nenana  River 
and  Healy  Creek  and  began  operations,  which  have  been  conducted 
along  this  section  of  the  creek  each  summer  since  by  two  or  three 
men.  The  method  consists  of  groundsluicing  the  present  stream 
gravels  down  to  the  bedrock  of  semiconsolidated  gravel  and  shovel- 
ing the  mat«rial  thus  concentrated  into  sluice  boxes  together  with 
a  few  inches  of  the  bedrock  after  it  has  been  loosened  with  picks. 

The  gold  recovered  is  fairly  coarse  and  worn.  It  consists  of  about 
equal  proportions  of  shotlike  nu^^ts,  whose  value  varies  from  25 
cents  to  $1,  and  of  heavy  flakes,  from  one-eighth  to  one-half  of  an 
inch  in  dimensions,  that  have  been  flattened  or  bent  as  if  hammered 
and  rolled  by  moving  pebbles. 

Owing  to  the  rough  and  uneven  character  of  the  coarse  semi- 
conglomeratic  bedrock,  care  has  to  be  exercised  in  cleaning  the  sur- 
faces of  cuts  after  the  stream  gravels  have  been  concentrated  down 
to  them.  All  seepage  water  must  be  excluded  to  prevent  the  loss  of 
gold  from  the  shovels,  and  it  is  probable  that  a  certain  amount  of 
fine  gold  is  lost  in  spite  of  careful  shoveling. 

The  value  of  the  gold  produced  on  Home  Creek  for  the  four  years 
of  mining  that  has  been  done  probably  does  not  exceed  $1,000, 

rKEKOE  ASa  AI.ABEA  aOLOaXB! 

French  and  Alaska  gulches  are  eroded  in  the  Nenana  gravel  belt 
from  north  to  south,  in  the  same  manner  as  the  lower  half  of  Home 
Creek,  with  the  difference  t^t  their  streams  have  not  worked  head- 
ward  across  the  entire  width  of  gravels  to  the  schists  on  th^  north. 
The  volume  of  these  streams  is  considerably  less  than  that  of  Home 
Creek;  but  nevertheless  the  gulches  are  eroded  into  the  gravel  to 
depths  of  SOO  to  500  feet,  and  thus  expose  a  considerable  stratigraphic 
thickness  of  the  gravel  from  tiie  base  upward. 

Prospecting  on  both  these  gulches  has  demonstrated  that  their 
present  stream  gravels  contain  placer  gold,  but  mining  has  not  been 
undertaken  because  of  insufficient  water  supply.  In  Alaska  Gulch 
nuggets  whose  value  is  from  $2  to  $3  have  been  found. 


DicMzedbyGoOglC 


GOLD  PLA.OEBS  NBAS  THE  NBITANA  GOAL  FIEIJ),  S79 

lOTATLAHlKA  BASIK. 

PRINCIPAL  FBATUHES. 

Totatlanika  Creek  is  a  large  stream,  about  60  miles  long,  the  upper 
half  of  which  lies  wholly  within  the  foothill  belt  and  the  lower  half 
within  the  Tanana  V^ley  lowlands.  The  lowland  section  flows 
northward  from  the  foothills  by  a  direct  course  that  is  parallel  with 
the  corresponding  section  of  Nenana  Kiver,  about  15  miles  to  the 
west 

The  basin  of  the  upper  half  of  the  Totatlanika  covers  an  area  of 
about  275  square  miles.  The  eastern  part  of  this  basin  is  drained 
by  the  upper  section  of  the  main  stream  and  its  western  part  by  a 
large  branch  named  California  Creek.  California  Creek  and  the 
upper  Totatlanika  lie  5  to  7  miles  apart  and  flow  northward  roughly 
parallel  to  one  another  across  the  greater  part  of  the  foothill  belt  to 
the  southern  flanks  of  the  northernmost  foothill  ridge,  beyond  which 
they  converge  and  join  to  form  the  main  Totatlanika.  From  this 
junction  the  main  stream  flows  northward  to  the  Tanana  Valley 
lowlands  through  a  narrow,  recently  eroded  valley  1,000  to  1,500 
feet  deep  and  5  miles  long. 

Broadly  considered  the  foothill  part  of  the  Totatlanika  basin  is 
characterized  by  a  succession  of  three  highland  and  three  lowland 
belts  that  alternate  with  one  another  and  trend  east  in  general  paral- 
lel"  arrangement.  Each  of  these  contrasting  belts  presents  more  or 
less  continuity  of  form  within  itself,  although  they  vary  somewhat  in 
this  regard  and  also  in  width,  which  is  in  general  from  3  to  5  miles. 
The  moimtain  summits  along  the  high  belts  have  altitudes  of  3,000 
to  4,000  feet,  and  the  bottoms  of  the  valleys  in  the  low  belts  stand 
from  1,000  to  2,000  feet  lower. 

The  lowland  belts  are  occupied  chiefly,  especially  along  their  bot- 
toms and  lower  slopes,  by  the  lignite-bearing  sediments  of  the  region, 
which  rest  upon  schists  and  are  overlain  in  some  places  by  thick  gravel 
deposits.  The  semiconsolidated  state  of  these  sediments  accounts 
for  the  deeply  eroded  forms  they  now  present.  The  highland  belts 
are  composed  almost  entirely  of  hard  schistose  rocks,  although  in 
some  areas  the  lignite  formation  and  high  gravels  extend  up  on 
the  higher  slopes  to  considerable  elevations  above  the  valley  bottoms, 
and  a  few  isolated  patches  of  these  sediments  lie  near  and  even  upon 
the  crests  of  the  schist  ridges. 

It  seems  clear  from  the  distribution  and  attitude  of  the  schists  and 
overlying  lignite  sediments  that  the  primary  factors  in  the  develop- 
ment of  the  highland  and  lowland  belts  are  the  re^onal  folding  and 
faulting  that  deformed  the  foothill  region  after  the  lignite  deposits 
and  at  least  some  of  the  overlying  gravels  were  laid  down  and  before 
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the  present  drainage  system  had  dissected  the  region  so  deeply. 
Kevertheless  it  is  evident  that  the  removal  of  large  qaantities  of  ma- 
terial by  differential  erosion  in  the  alternating  belts  of  hard  and 
soft  rocks  after  they  were  deformed  has  been  the  most  important 
factor  in  forming  the  lowland  belts  and  accentuating  the  intervening 
highland  belts. 

California  Creek  and  the  upper  Totatlanika  flow  northward  across 
the  eastward-trending  highland  and  lowland  baits  through  a  corre- 
sponding succession  of  narrow  canyons  and  wide  basins,  and  in  con- 
sequence their  valleys  present  considerable  diversity  in  topographic 
development  and  a  variety  of  conditions  that  control  the  distribution 
of  stream  gravela 

It  is  probable  that  the  present  drainage  ETStem  originated  on  an 
approximately  even  land  surface  that  sloped  northward  from  the 
high  flanks  of  the  Alaska  Range  to  the  Xanana  Valley  lowlands,  and 
that  its  arrangement  has  not  been  disturbed  to  any  extent  since  itfi 
establishment.  Apparently  few  prominences  of  the  hard  schistose 
rocks  that  underlie  the  sedimentary  deposits  of  the  region  in  which 
the  greatest  amount  of  erosion  has  taken  place  projected  above  the 
sloping  surface  of  the  foothill  belt  when  the  present  drainage  q'stem 
established  its  direct  northward  courses,  for  otherwise  the  stream 
courses  would  probably  have  assumed  a  more  complicated  form 
than  they  now  exhibit. 

CALIFORNIA   CREEK  VALLBT. 
OXVB&AL  FEATUBES. 

California  Creek  is  about  20  miles  long,  and  its  valley  comprises 
two  well-developed  basin  areas,  situated  along  its  lower  and  middle 
courses,  and  a  less  well  defined  headwater  ba^  that  lies  along  the 
south  flanks  of  a  prominent  isolated  mountain  mass  named  Jumbo 
Dome.  These  three  basins  are  separated  by  two  belts  of  schist  through 
which  California  Creek  has  cut  deep  canyons.  The  canyon  section 
between  the  lower  and  middle  basins  is  about  3  miles  long  and  1,000 
feet  deep,  and  the  one  between  the  middle  and  headwater  basins, 
around  the  west  flank  of  Jumbo  Dome,  is  about  1  mile  long  and 
several  hundred  feet  deep. 

Prospecting  for  placer  gold  has  been  carried  on  throughout  the 
valley  of  California  Creek.  Evidences  of  this  work  in  tiie  form  of 
holes  and  open  cuts  may  be  observed  at  a  number  of  points  along 
the  main  stream  and  many  of  its  tributaries.  Mining  operations, 
however,  have  been  undertaken  only  at  three  widely  separated  local- 
ities, two  of  which  have  been  abandoned  for  several  years.  One  of 
these  localities  is  on  Eex  Creek,  a  large  tributary  to  the  main  stream 
from  the  west  in  ite  lower  basin;  another  is  on  California  Creek 
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where  it  enters  the  canyon  between  the  middle  and  lower  basins;  and 
the  third  is  on  the  upper  part  of  Eva  Creek,  a  tributary  from  the 
west  that  drains  the  southwestern  portion  of  the  middle  basin.  The 
last-named  locality  was  the  only  one  in  the  valley  where  placer  min- 
ing was  being  done  in  1916. 


Bex  Creek  is  about  8  miles  long  and  Sows  east^iard  to  enter  Cali- 
fornia Creek  about  2}  miles  above  the  confluence  of  that  stream 
with  the  upper  Totatlanika.  The  headwaters  of  Cody  and  Cbicken 
creeks,  tributaries  of  Moose  Creek,  lie  immediately  west  of  the 
sources  of  Rex  Creek. 

The  upper  5  miles  and  the  upper  slopes  of  the  lower  3  miles  of 
the  'Rex  Creek  valley  are  practically  all  eroded  in  schist.  The  bot- 
tom and  lower  slopes  of  the  lower  3  miles  of  the  valley  are  occupied 
by  the  lignite  formation,  and  a  narrow  strip  of  these  sediments  ex- 
lends  along  the  north  bank  of  the  stream  in  its  middle  2  miles. 
There  is  also  a  small  remnant  of  these  sediments  in  the  saddle  at 
the  head  of  the  valley  between  Rex  and  Chicken  creeks.  It  is  prob- 
able that  the  lignite  formation  formerly  extended  along  tiie  whole 
length  of  the  valley,  at  least  in  its  bottom  part,  before  it  was  eroded 
to  its  present  depth.  Thus  the  schist  along  the  upper  5  miles  of 
Bex  Creek  has  probably  not  been  denuded  of  the  lignitic  sediments 
for  a  long  period  of  time  and  therefore  a  comparatively  small  amount 
of  recent  stream  erosion  has  taken  place  in  the  schist.  A  measure 
of  this  erosion  seems  to  be  afforded  by  narrow  gorges  in  the  schist 
about  50  feet  in  depth  along  some  sections  of  the  headwaters  of  the 
creek  and  particularly  by  a  number  of  sharp  gulches  that  have  been 
eroded  in  the  schist  along  the  southern  slope  of  the  upper  half  of 
the  valley. 

Placer  claims  have  been  located  and  relocated  along  Bex  Creek 
throughout  its  length  since  1905,  and  a  considerable  amount  of  pros- 
pecting has  been  done  at  a  number  of  points  in  the  present  stream 
bed  and  on  benches  in  areas  of  schist  and  of  lignitic  sediments,  but 
so  far  the  only  section  of  the  valley  where  mining  has  been  under- 
taken is  between  3  and  4  miles  above  the  mouth  of  the  stream,  and 
operations  here  have  been  abandoned  for  several  years. 

Along  the  upper  half  of  Bex  Creek  no  profitable  placer-gold  de- 
posits appear  to  have  been  found,  or  rather  it  has  been  stated  that 
the  value  of  the  deposits  is  not  sufficirait  to  encourage  mining  with 
the  amount  of  water  available  in  this  part  of  the  valley. 

The  middle  section  of  the  valley,  between  3  and  4  miles  above  its 
mouth,  where  the  best  prospects  of  gold  appear  to  occur  and  where 
mining  has  been  done  at  several  places,  occupies  a  basin-like  ezpan- 
ITOaO"— 18— BaU.  662 25 
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sion  above  a  gorge  or  wide  canyon  that  is  cut  by  the  main  creek  to 
a  depth  of  200  feet  across  the  nose  of  a  spur  of  schist  that  projects 
from  the  north  slope  of  the  valley.  This  expansion  extends  south- 
ward up  the  valley  of  a  large  tributary  that  drains  the  high  schist 
ridge  which  forms  the  valley  slopes.  The  headwater  branches  of 
this  tributary  have  eroded  deep  gulches  in  the  schist  ridge,  and 
across  the  upper  parts  of  these  gulches  the  schist  is  intruded  by 
several  dikes.  No  mineral  deposits  were  observed  in  the  schist  in 
actual  connection  with  these  dikes,  but  quartz  veinlets  occur  here 
and  there  throughout  the  schist,  A  smaller  gulch  tributary  flows 
from  this  schist  ridge  into  Rex  Creek  about  half  a  mUe  upstream 
from  the  large  tributary,  and  the  most  extensive  placer  deposits  that 
have  been  mined  are  on  a  low  sloping  bench  that  extends  along  the 
south  side  of  Kex  Creek  between  these  gulches.  The  schist  of  the 
spur  that  separates  these  tributaries  extends  down  into  the  bottom  of 
the  main  valley  and  forms  the  bedrock  upon  which  the  gold-bearing, 
gravels  rest. 

The  sloping  bench  in  which  most  of  the  mining  has  been  done  is 
about  500  feet  wide,  and  its  upper  margin  stands  about  60  feet  above 
Rex  Creek.  To  judge  from  the  tailing  dumps  of  the  old  workings 
practically  all  the  bench  gravels  consist  of  the  schistose  rocks  of 
the  valley.  These  gravels  range  in  thickness  from  4  to  8  feet,  and  the 
schist  bedrock  upon  which  they  rest  shows  considerable  decay,  as 
if  it  had  been  protected  from  stream  erosion  for  a  long  time  ^ce 
the  gravels  were  deposited  upon  it.  The  gravels  also  appear  to  show 
the  effect  of  decay  since  they  were  laid  down.  They  are  fairly  coarse 
but  contain  no  boulders  that  can  not  be  easily  handled. 

Capps,  *  who  visited  this  locality  in  1910,  states  that  the  gold 
occurs  in  the  basal  part  of  the  gravels  close  to  bedrock  and  that  some 
of  it  has  penetrated  into  the  decayed  schist  to  a  depth  of  about  a  foot. 
The  gold  is  stated  to  be  bright  and  fairly  coarse.  At  the  time  of 
Capps's  visit  three  men  were  engaged  in  mining  this  bench  ground, 
but  the  operations  were  discontinued  in  the  middle  of  that  summer 
because  the  returns  were  insufficient  to  make  pick  and  shovel  work 
profitable.  Apparently  mining  has  not  been  resumed  at  this  locality 
since  1910. 

Water  for  washing  the  gravels  was  brought  from  Rex  Creek  and 
the  small  gulch  tributary  at  the  upper  end  of  the  bench  by  a  ditch, 
about  half  a  mile  in  length,  dug  along  the  upper  edge  of  the  bench. 
The  workings  consist  of  several  open  cuts  that  ext«nd  from  the  ditch 
across  the  bench  diagonally  down  the  valley,  and  their  area  and  the 
quantity  of  tailings  indicate  that  a  considerable  yardage  of  gravels 
was  mined. 

•  C*ppB,  a.  B.,  The  BonniikM  c««loii,  Alaika :  U.  B.  GeoL  8dtt«7  BuU.  BOl,  p.  4T.  1913. 
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In  the  bed  of  Rex  Creek  just  above  and  below  the  mouth  of  the 
large  tributary  that  enters  from  the  south  open  cuts  have  been  dug 
across  several  of  the  sharp  meanders  of  the  main  stream,  probably 
with  the  combined  purpose  of  testing  the  recent  gravels  in  these 
bends  and  later  serving  in  combination  with  dams  to  divert  the  main 
creek  from  its  channel  in  order  that  its  present  bed  might  be  pros- 
pected. In  the  gorge  by  which  Eex  Creek  discharges  from  the  basin- 
like  area  along  its  middle  course  may  be  observed  the  remains  of 
several  wing  dams  that  were  evidently  built  for  the  purpose  of  di- 
verting the  main  creek  in  order  that  the  present  stream  gravels  and 
schist  bedrock  might  be  prospected,  but  no  information  is  at  hand 
as  to  the  results  of  this  work.  However,  it  has  been  reported  that 
all  of  these  attempts  at  mining  in  the  bed  of  the  main  creek  were 
handicapped  by  the  difficulty  of  obtaining  adequate  drainage  for 
thorough  prospecting. 

It  is  reported  that  the  value  of  the  total  quantity  of  gold  pro- 
duced from  Bex  Creek  is  about  $5,000. 

OAUFOBniA  OKSSK. 

The  only  known  attempt  to  mine  the  gravels  in  the  main  valley  of 
California  Creek  was  made  at  the  head  of  the  canyon  that  separates 
the  middle  from  the  lower  basin  of  this  valley,  about  5  miles  above 
the  mouth  of  Rex  Creek.  Two  men  worked  at  this  locality  during 
a  part  of  tbe  summer  of  1910,  digging  a  bedrock  drain  along  the 
eastern  margin  of  the  present  flood  plain,  where  it  is  bounded  by  a 
low  gravel  bench  that  represents  a  previous  flood-plain  level.  It  is 
stated  that  the  stream  gravels  were  found  to  be  about  6  feet  deep 
and  to  rest  on  schist  bedrock,  but  that  their  gold  content  is  not  suffi- 
cient to  warrant  pick  and  shovel  mining. 

The  source  of  the  placer  gold  that  is  reported  to  occur  in  the  present 
stream  gravels  at  the  head  of  this  canyon  of  California  Creek  was 
probably  in  the  schist  bedrock,  in  which  the  upper  end  of  the  canyon 
is  eroded.  Quartz  veins  are  numerous  in  a  high  detached  hill  of 
schist  immediately  west  of  the  head  of  the  canyon.  Some  of  these 
veins  are  8  to  10  inches  thick  in  their  wider  parts,  and  much  of  the 
quartz  is  stained  with  iron  oxides,  indicative  of  metallic  mineraliza- 
tion. It  is  not  improbable  that  some  of  these  veins  contain  gold,  al- 
though none  was  observed,  and  it  appears  unnecessary  to  assume 
that  the  placer  gold  at  the  head  of  the  canyon  was  derived  from  the 
sediments,  or  more  particularly  the  high  gravels  that  overlie  the 
lignite  formation  and  that  have  beenremoved  from  the  middle  basin 
of  California  Creek. 
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ETA  OSEEE. 

Eva  Creek,  together  with  a  tributary  of  about  equal  size  named 
Elsie  Creek,  drains  a  large  area  in  the  northwestern  part  of  the 
middle  basin  of  California  Creek.  It  is  about  5  miles  long  and  rises 
on  a  high  gravel-capped  ridge  opposite  Big  Moose  Creek  to  the 
west.  The  stream  flows  about  due  east  along  the  northern  border  of 
the  middle  basin  and  empties  into  California  Creek  about  half  a 
mile  below  the  head  of  the  canyon  between  the  middle  and  lower 
basins.  Eva  Creek  in  eroding  its  present  outlet  into  the  California 
Creek  canyon  has  cut  a  subsidiary  canyon  through  schist  along  the 
lower  half  mile  of  its  course  and  thus  has  isolated  the  prominent 
schist  hill  that  contains  quartz  veins  described  in  connection  with  the 
placer  deposits  in  the  upper  part  of  the  main  canyon.  This  hill  has 
the  appearance  of  formerly  being  a  part  of  a  spur  from  the  main 
schist  ridge  to  the  north,  and  it  is  very  probable  that  the  lower 
coarse  of  Eva  Creek  disdiarged  into  California  Creek  around  the 
south  flanks  of  the  hill  before  the  canyon  of  California  Creek  was 
eroded  to  its  present  depth;  or  it  may  be  possible  that  California 
Creek  discharged  at  one  time  through  the  canyon  section  of  lower 
Eva  Creek. 

A  large  part  of  the  Eva  Creek  valley  is  eroded  in  the  high  gravel 
deposits  that  overlie  the  lignite-hearing  sediments  of  the  middle  ba^ 
of  California  Creek,  but  apparently  the  lignite  formation  has  not 
been  exposed  by  the  erosion  of  this  stream.  Tliese  gravels,  together 
with  some  associated  sands  and  silts,  occupy  the  greater  part  of  the 
valley,  especially  in  its  middle  3  miles,  where  they  cover  all  of  the 
low  divide  on  the  south  between  Eva  and  Elsie  creeks  and  extend 
along  the  northern  slopes  of  the  valley  up  to  their  middle  heights 
in  the  form  of  benches  that  rest  against  the  upper  slopes  of  schist. 

Along  the  upper  IJ  miles  of  Eva  Creek  the  bottom  of  the  valley  is 
occupied  by  a  considerable  area  of  schist  from  which  the  covering 
of  high  gravels  has  been  removed  by  comparatively  recent  stream 
erosion.  The  high  gravels  that  now  surround  this  schist  area  and 
form  the  upper  slopes  of  the  headwater  basin  have  the  appearance  of 
being  the  erosional  remnants  of  a  much  thicker  deposit  of  gravels 
which  formerly  not  only  occupied  the  whole  headwater  basin  but 
extended  downstream  throughout  its  length.  These  gravels  are  the 
eastward  extension  of  those  that  occur  on  the  interstream  ridges  of 
the  Moose  Creek  basin  and  form  the  divide  between  Moose  and  Eva 
creeks.  There  is  also  another  considerable  area  of  schist,  denuded 
of  the  high  gravels  by  recent  stream  erosion,  on  the  western  slopes  of 
the  basin  of  Wilson  Creek,  a  headwater  tributary  to  Eva  Creek  from 
the  southwest.  The  present  configuration  of  the  Eva  Creek  valley 
indicates  that  at  least  300  feet  of  the  high  gravel  has  been  eroded 
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from  this  valley  along  the  course  of  tlie  present  stream  helow  tlie 
mouth  of  Wilson  Creek,  which  joins  Eva  Creek  about  3  miles  above 
its  mouth. 

The  depth  of  erosion  that  has  occurred  in  the  area  of  denuded 
»:liist  in  the  upper  basin  of  Eva  Creek  may  also  be  estimated.  Tlio 
upper  slopes  of  this  headwater  basin  are  composed  chiefly  of  the 
high  gravels,  and  to  judge  from  the  height  of  the  base  of  these  gravels 
above  the  present  bed  of  the  stream  the  schist  along  the  bottom  of  this 
basin  has  been  eroded  to  a  depth  of  about  300  feet  since  it  was  de- 
nuded of  the  gravel  cover.  Thus  a  considerable  amount  of  schist 
has  been  removed  from  this  part  of  the  valley  over  an  area  of  about 
half  a  square  mile.  This  erosion  of  the  schist  in  the  upper  basin  of 
Eva  Creek  and  its  tributary  basin  of  Wilson  Creek  is  cOTtiparable 
to  that  which  has  occurred  along  the  courses  of  Big  Moose  and  Little 
Moose  creeks,  across  the  divide  1  to  3  miles  to  the  west  (described 
on  p.  366),  hut  on  Eva  Creek  the  quantity  of  schist  eroded  away  has 
been  much  less. 

As  on  other  streams  in  the  district,  placer  claims  have  been  located 
along  Eva  Creek  for  the  last  twelve  years.  The  first  attempt  at  min- 
ing, however,  seems  to  have  been  made  in  1915,  when  two  men  opened 
8  small  cut  in  the  stream  bed  in  the  schist  area  of  the  upper  valley. 
This  work  demonstrated  that  there  is  a  small  quantity  of  placer  gold 
in  the  present  stream  gravels  at  this  point  and  also  disclosed  indica- 
tions of  lode  mineralization  in  the  schist  bedrock.  These  indications 
consist  of  heavy  pieces  of  schist  float  that  contain  arsenopyrite  and 
native  bismuth  in  considerable  amount,  together  with  small  amounts 
of  other  sulphides.  Panning  tests  of  this  float  lode  material  show 
that  it  contains  some  flour  gold  in  a  free  state  together  with  a  few 
larger  pieces  of  gold  that  have  sharp  angular  edges  and  crystalline 
faces.  Assays  of  the  sulphides  show  that  they  are  gold  bearing,  so 
that  a  source  of  gold  from  which  placers  might  be  derived  is  indicated 
in  tlie  schists  of  upper  Eva  Creek.  The  lode  mineralization  of  Eva 
Creek  and  Moose  Creek  is  described  elsewhere  by  K.  M.  Overbeck. 
(See  pp.  360-361.) 

In  1916  a  more  comprehensive  placer-mining  operation  was  under- 
taken on  Eva  Creek  about  a  quarter  of  a  mile  downstream  from  the 
locality  where  work  was  done  in  1915,  at  a  point  about  a  quarter  of  a 
mile  above  the  mouth  of  Wilson  Creek.  Here  three  men  built  an 
automatic  dam  and  groundsluiced  a  cut  in  stream  gravels  8  to  4  feet 
thick. 

The  bedrock  upon  which  the  stream  gravels  of  this  claim  rest  is 
composed  of  the  stratified  gravels  and  sands  of  the  basal  part  of  the 
high  gravel  deposit  that  overlies  the  schist  in  this  valley.  These  old 
gravels  are  here  cemented  by  iron  oxide  to  a  somewhat  firm  con- 
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glomerate.  As  exposed  in  a  bluff  on  the  south  side  of  the  creek, 
opposite  the  workings,  near  their  contact  with  the  schist,  they  strike 
northeast  and  dip  23"  SE.  Thus  it  is  evident  that  the  stoatified 
gravels  and  sands  are  upturned  along  the  flanks  of  th^  schist  upon 
which  they  rest  and  that  the  present  stream  has  beveled  them  iii 
forming  its  flood  plain.  No  evidraice  was  observed  that  the  placer 
gold  in  the  stream  gravels  of  this  claim  has  its  source  in  the  bedrock 
of  tilted  and  cemented  gravels,  although  such  a  source  is  possible. 
On  the  other  hand,  it  is  more  probable  that  the  placer  gold  is  derived 
from  the  schist  area  immediately  upstream  from  this  claim. 

The  fact  that  no  notable  concentrations  of  placer  gold  have  been 
found  along  the  remaiader  of  the  valley,  although  it  is  clear  that  a 
large  quantity  of  the  high  gravel  has  been  eroded  and  concentrated 
by  Eva  Creek,  seems  to  point  to  the  conclusion  that  the  old  gravels 
carry  very  little  if  any  gold  in  this  drainage  basin. 


Prospecting  for  placer  gold  has  been  done  at  a  number  of  points  on 
the  headwater  streams  of  California  Creek  that  drain  the  flanks  of 
Jumbo  Dome,  the  prominent  mountain  4,600  feet  high  that  occupies 
an  isolated  position  near  the  head  of  the  valley.  The  streams  that 
have  been  examined  most  thoroughly  are  Winter  Creek,  which  drains 
the  northeastern  flanks  of  Jumbo  Dome,  and  Marguerite  Creek, 
which  flows  along  the  southern  and  western  flanks  of  this  mountain. 
Many  old  prospect  holes  may  be  observed  along  the  courses  of  these 
streams,  but  although  the  stream  gravels  appear  to  have  been 
thoroughly  prospected  there  are  no  data  at  hand  upon  which  to  base 
a  statem^it  as  to  the  presence  or  distribution  of  placer  gold  in  their 
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The  upper  Totatlanika  lies  from  5  to  7  mites  east  of  California 
Creek  and  flows  northward  across  the  foothill  belt  in  general  paral- 
lelism with  that  stream.  The  major  features  of  the  valley  comprise 
three  basin  areas  separated  by  two  belts  of  mountainous  country 
across  which  the  valley  is  eroded  in  the  form  of  canyons.  These 
features  of  relief  are  similar  to  those  that  characterize  the  valley  of 
California  Creek  and  in  fact  are  their  eastward  continuations,  al- 
though there  are  differences  of  detail  in  the  two  valleys.  Some  of 
these  differences  may  be  noted  as  follows: 

A  minor  canyon,  the  Daniel  Creek  canyon,  is  eroded  across  an 
area  of  schist  for  about  a  mile  in  the  lower  or  northernmost  basin  of 
the  valley,  about  2  miles  below  Murphy  Canyon,  which  separates 
the  lower  basin  from  the  middle  basin. 
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The  middle  basin  of  the  upper  Totatlatiika  differs  from  the  corre- 
Eponding  basin  of  California  Creek  in  that  it  is  eroded  chiefly  in 
schistose  rocks,  the  lignite-bearing  sediments  that  seem  to  have 
formerly  overlain  the  schist  of  this  basin  having  been  eroded  away 
in  greater  part. 

The  middle  basin  is  separated  from  the  upper  or  headwater  basin 
of  the  Totatlanika  by  a  rugged  mountainous  belt  whose  summits 
reach  altitudes  of  3,500  to  4,000  feet.  These  mountains  «re  composed 
largely  of  igneous  rocks  intruded  in  schist.  In  some  respects  this 
highland  belt  is  similar  to  the  Jumbo  Draae  area,  to  the  west,  with 
which  it  is  topographically  connected ;  but  it  is  different  in  that  all 
the  larger  streams  have  eroded  deep  gorges  across  the  mountains. 
Homestake  Creek,  the  westernmost  headwater  tributary  of  the  Totat- 
lanika, has  cut  a  deep  and  narrow  canyon  through  this  barrier  be- 
tween the  upper  and  middle  basins.  The  main  Totatlanika  also  has 
eroded  a  deep  gorge  across  these  mountains  from  southeast  to  north- 
west for  a  distance  of  several  miles  above  the  mouth  of  Homestake 
Creek,  and  two  large  southern  tributaries  in  this  section,  named 
Thistle  and  Davis  creeks,  have  likewise  eroded  deep  gorge  valleys 
across  the  mountains  along  the  lower  mile  of  their  courses  and  thus 
maintained  their  adjustment  with  the  down  cutting  of  the  valley. 

The  headwater  basin  of  the  Totatlanika  is  in  reality  a  part  of  the 
same  belt  of  lowland  in  which  the  valley  of  Hoseanna  Creek,  to  the 
west,  is  deeply  intrenched.  Although  these  contiguous  basins  are 
separated  topographically  by  a  broad  transverse  divide  they  are 
nevertheless  so  closely  related  that  they  may  l>e  considered  to  form 
one  continuous  lowland;  and  geologically  they  are  actually  a  con- 
tinuous belt,  for  the  lignite-bearing  sediments  that  occupy  the  greater 
parts  of  both  areas  extend  for  20  miles  from  east  to  west  through 
the  two  basins.  The  Totatlanika  headwater  basin  is  5  to  6  miles 
wide  from  north  to  south  and  about  8  miles  from  east  to  west.  In 
general  aspect  its  surface  is  broadly  undulating,  but  in  detail  it  is 
somewhat  dissected  transversely  by  the  headwater  streams  that  flow 
across  it  from  south  to  north.  These  streams  have  intrenched  their 
courses  to  a  depth  of  several  hundred  feet  below  the  interstream 
areas.  The  chief  headwaters  of  the  Totatlanika  have  their  sources 
on  the  steep  flanks  of  mountains  of  schistose  rocks  that  bound  the 
basin  on  the  south.  The  summits  of  these  mountains  stand  at  alti- 
tudes of  5,000  to  6,000  feet,  or  about  3,000  feet  above  the  surface 
of  the  basin  area.  These  mountains  may  be  considered  to  be  an 
outlier  of  the  Aln"W  Ra-nge  in  this  locality,  although  to  the  west, 
where  they  form  the  divide  between  Hoseanna  and  Heal;  creeks, 
their  altitude  decreases  to  3,000  feet. 

The  discovery  of  placer  gold  in  the  Totatlanika  valley  is  stated 
to  have  been  made  at  the  mouth  of  McCuen  Glulch  in  February, 
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1905,  Since  that  time  most  of  the  placer  gold  produced  in  the 
Nenana  district  has  been  mined  from  the  foothill  section  of  this 
valley  at  several  localities  along  the  main  stream  and  on  several 
of  its  tributaries.  Most  of  the  gold  has  been  obtained  from  Home- 
stake  and  July  creeks,  but  a  considerable  amount  has  also  been  mined 
from  the  gravels  of  the  main  stream  in  the  middle  basin  of  the 
valley,  especially  in  the  lower  part  of  this  basin,  near  the  head  of 
Murphy  Canyon. 

It  is  reported  that  gold  "  colors  "  may  be  obtained  at  almost  any 
point  in  the  stream  gravels  along  the  present  bed  of  upper  Totat- 
lanika  Creek  from  its  junction  with  California  Creek  to  a  point 
above  McCuen  Gulch,  or  for  a  distance  of  about  20  miles.  Placer 
claims  have  been  staked  throughout  this  distance  during  the  last 
10  years,  but  mining  has  been  done  upon  only  a  few  of  these  claims 
in  the  middle  basin,  between  the  head  of  Murphy  Canyon  and  a 
point  about  half  a  mile  above  the  mouth  of  Homestake  Creek.  In 
this  section  the  conditions  for  the  concentration  of  placer  gold  in 
commercial  amounts  seem  to  be  more  favorable  than  elsewhere  in 
the  valley. 

In  the  lower  basin,  through  which  the  Totatlanika  flows  for  about 
10  miles  of  its  course,  large  tracts  of  flood-plain  gravels  have  been 
held  under  location  for  a  number  of  years,  in  the  form  of  associa- 
tion-group claims,  in  the  belief  that  the  deposits  might  be  valuable 
for  dredge  mining.  There  are  considerable  areas  of  stream  gravels 
in  this  lower  basin  that  may  be  easily  mined  by  this  method,  but 
no  data  are  at  hand  regarding  the  amount  of  placer  gold  that  may 
be  contained  in  the  deposits,  and  up  to  the  present  time  no  attempt 
has  been  made  to  prospect  the  ground  with  dredge  mining  in  view. 
The  only  mining  that  has  been  done  in  the  lower  basin  is  on  a  tribu- 
tary named  Daniel  Creek, 

SAXIEL  OKEEK. 

Daniel  Creek  flows  into  the  Totatlanika  from  the  southwest  at  a 
point  about  2^  miles  downstream  from  the  lower  end  of  Murphy 
Canyon.  It  is  a  stream  of  comparatively  small  volume,  about  4 
miles  long,  whose  valley  may  be  divided  into  three  sections — an 
upper  one  comprising  two  large  headwater  gulches ;  a  rather  open 
basin  area  along  the  middle  of  the  stream,  about  1  mile  in  length; 
and  a  narrow  lower  section  intrenched  to  a  depth  of  several  hundred 
feet,  also  about  1  mile  in  length. 

The  two  headwater  branches  of  Daniel  Creek  have  their  sources 
high  on  the  northern  flanks  of  the  mountain  belt  of  schistose  rocks  that 
separates  the  lower  and  middle  basins  of  the  main  valley.  Both  of 
these  branches  have  eroded  deep  gulches  into  the  schist  along  the 
upper  mile  of  their  courses,  but  so  far  as  known  this  erosion  has  not 
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resulted  in  the  concentration  of  placer  gold  in  the  gravels  of  these 
gulches. 

The  lower  courses  of  the  two  headwater  branches  of  Daniel  Creek 
flow  into  the  middle  basin  of  the  valley  and  join  in  its  central  part. 
This  basin  is  eroded  chiefly  in  slightly  consolidated  lignitic  sediments 
that  are  overlain  by  the  Ncnana  gravel  about  the  borders  of  the  basin. 
Remnants  of  this  gravel  also  rest  on  the  lower  flanks  of  the  schist 
spurs  that  bound  the  upper  part  of  the  basin  and  occupy  considerable 
areas  on  the  higher  slopes  of  the  valley  below  the  middle  basin.  It 
seems  evident  that  a  considerable  amount  of  the  Ncnana  gravel,  to- 
gether with  some  lignitic  sediments  that  underlie  it  in  tho  middle 
basin,  has  been  eroded  away  during  the  development  of  the  Daniel 
Creek  valley.  From  the  junction  of  the  headwater  branches  of 
Daniel  Creek  to  its  mouth,  a  distance  of  about  2  miles,  the  stream  has 
cut  below  the  base  of  these  sedimentary  deposits  and  'intrenched  its 
course  to  a  depth  of  100  feet  or  more  into  harder  and  much  older 
schist  that  forms  the  basement  upon  whicji  the  slightly  consolidated 
sediments  rest. 

For  half  a  mile  below  the  junction  of  the  headwater  branches  of 
Daniel  Creek  its  flood  plain  has  a  width  of  300  to  600  feet  and  con- 
sists of  gravels  about  10  feet  thick  that  rest  on  schist  bedrock.  At  the 
lower  end  of  the  middle  basin  the  stream  flows  for  about  an  ei^th  of 
a  mile  through  a  narrow  gorge  which  is  formed  by  spurs  of  schi^ 
bedrock  along  the  lower  valley  slopes.  Below  this  contracted  section 
the  valley  floor  again  broadens  to  a  width  of  200  to  400  feet,  which  it 
maintains  to  a  point  within  about  a  quarter  of  a  mile  of  the  mouth 
of  the  stream.  The  lower  quarter  mile  of  Daniel  Creek  is  confined  in 
a  narrow  rocky  gorge  several  hundred  feet  in  depth,  eroded  in  schis- 
tose rocks.  The  Totatlanika  also  in  this  part  of  its  course  flows  in  a 
canyon,  eroded  in  schist  to  a  depth  of  several  hundred  feet,  that  ex- 
tends for  some  distance  above  and  below  the  mouth  of  Daniel  Creek. 

The  basin  and  gorge  sections  of  the  Daniel  Creek  valley  are  di- 
rectly due  to  the  unequal  resistance  to  erosion  offered  by  the  slightly 
consolidated  sediments  and  the  hard  schistose  rocks  that  the  stream 
has  encountered  along  its  course. 

Placer  claims  have  been  located  along  Daniel  Creek  since  1905,  as 
on  most  of  the  other  streams  in  the  Totatlanika  Valley,  but  mining 
operations  have  been  undertaken  upon  it  only  during  the  last  three 
years. 

The  most  valuable  claims  extend  along  the  lower  mile  of  the  creek 
and  are  four  in  number,  each  of  the  regulation  length  of  a  quarter 
of  a  mile.  The  claim  at  the  mouth  of  the  creek  is  designated  Discov- 
ery claim  and  the  other  as  Nos.  1,  2,  and  3  above  Discovery.  These 
four  claims  cover  the  more  or  less  constricted  section  of  the  valley 
that  extends  from  the  basin  area  along  its  middle  course  to  its  mouth. 
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The  middle  basin  is  also  under  placer  location,  but  no  mining  lists 
been  done  in  that  area  up  to  the  preBMit  time. 

Along  the  lower  mile  of  its  course  Daniel  Creek  has  eroded  to  a 
depth  of  about  150  feet  into  the  schistose  rocks  that  underlie  a  mantle 
of  Nenana  gravel  several  hundred  feet  thick.  Thus  the  steep  slopes 
of  this  narrow  section  of  the  valley  are  of  sdiist  in  their  lower  parts 
and  of  gravel  in  their  upper  parts.  Considerable  quantities  of  gravel 
loosened  from  the  upper  slopes  have  slumped  down  and  partly  ob- 
scured the  schist  bedrock  of  the  lower  slopes  along  some  parts  of  the 
Tolley,  but  along  other  parts  the  schist  bedrock  is  well  exposed,  and 
several  spurs  of  schist  project  into  the  valley  alternately  frcHn  oppo- 
site sides  along  claims  1, 2,  and  3  aJxtve  Discovery. 

Between  these  bedrock  spurs  there  are  along  both  ades  of  the 
creek  narrow  sloping  benches  that  range  in  width  from  50  to  150  feet 
and  stand  fro&i  6  to  20  feet  above  the  stream.  These  benches  are  com- 
posed of  a  mixture  of  blocks  and  smaller  slabs  of  schist,  cobbles,  and 
gravels  derived  from  the  higher  slopes,  and  considerable  eartliy 
detritus.  This  material  is  very  poorly  washed  except  that  along 
the  immediate  bed  of  the  stream.  As  a  whole  this  detritus  appears  to 
be  more  a  mixture  of  material  that  has  accumulated  from  the  valley 
slopes  by  sliding  and  creeping  than  a  normal  stream  deposit. 

The  greater  part  of  the  alluvium  along  the  valley  floor  does  not 
contain  permanent  frost.  However,  there  are  small  areas  in  which 
the  results  of  seasonal  freezing  survive  well  into  the  following  siun- 
mer,  and  it  may  be  that  some  of  the  deeper  alluvium  is  more  or  less 
permanently  frozen. 

The  first  mining  on  Daniel  Creek  is  reported  to  have  been  done 
in  1914  by  two  men  on  the  lower  end  of  claim  No.  1  above  Dis- 
covery, at  the  head  of  the  gorge  through  which  the  stream  discharges 
into  the  Totatlanika  from  the  wider  part  of  its  valley  covered  by 
claims  Nos.  1,  2,  and  3  above  Discovery.  The  work  on  this  claim 
consisted  of  a  small  automatic  dam  by  means  of  which  a  cut  about 
40  feet  wide  and  200  feet  long  was  groundsluiced  down  to  bedrock 
through  about  4  feet  of  gravels.  It  is  reported  that  about  $1,500 
worth  of  gold  was  mined  from  this  cut.  Some  parts  of  the  cut 
yielded  $70  worth  of  gold  to  the  box  length — that  is  an  area  12  feet 
long  by  14  feet  wide,  comprising  about  168  square  fest. 

During  1916  three  men  mined  on  the  lower  part  of  claim  No.  S 
above  Discovery,  about  half  a  mile  above  the  former  workings.  The 
first  dam  they  built  was  destroyed  by  a  flood  in  the  middle  of  June, 
and  the  second  one  had  been  in  operation  only  a  few  days  at  the 
time  of  the  writer's  visit,  early  in  July.  At  tJiat  time  a  cut  from 
20  to  40  feet  in  width  and  about  300  feet  in  length  had  been  partly 
groundsluiced,  but  the  gravels  were  not  y«t  sutBciently  craiceDtrated 
on  bedrock  for  shoveling  into  the  sluice  boxes.    During  the  first 
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week  in  July  the  volume  of  Daniel  Creek  was  sufficient  to  fill  the 
pond  above  the  dam  only  three  times  an  hour,  and  the  miners  were 
hoping  for  enough  rainfall  to  increase  the  stream  flow  to  a  volume 
that  would  fill  the  pond  at  5-minute  intervals  in  order  that  they 
might  expedite  their  work.  The  production  of  gold  from  this  oper- 
ation was  not  learned. 

So  far  as  was  learned  the  placer  gold  of  Daniel  Creek  consists 
chiefly  of  rather  fine  particles  that  are  somewhat  rounded  or  worn. 
The  evidence  at  hand  seems  to  indicate  that  placer  gold  in  com- 
mercial amounts  is  restricted  to  the  lower  mile  of  the  valley.  Aa 
the  Nenana  gravel  in  the  upper  part  of  the  valley  does  not  appear 
to  have  yielded  placer  gold  in  notable  amounts,  and  as  there  is  no 
reason  for  believing  that  the  same  gravel  along  the  lower  mile  of  the 
valley  is  more  auriferous  tiian  elsswhere  in  this  locaUty,  it  may  be 
inferred  that  the  schist  bedrock  along  the  lower  mile  of  the  valley 
is  a  probable  source  for  the  placer  gold  that  now  occurs  along  that 
section  of  Daniel  Creek.  No  convincing  evidence,  however,  was 
obtained  as  to  the  gold-hearing  character  of  the  particular  belt  of 
schistose  rocks  that  has  been  eroded  by  the  stream,  although  these 
rocks  were  observed  to  be  mineralized  to  some  extent  with  vein 
quartz. 

FI^OSBB  or  THE  XISSLE  BABIK. 


Placer  gold  has  been  mined  from  the  stream  gravels  of  the  upper 
Totatlanika  in  its  middle  basin  at  several  localities  between  the  head 
of  Murphy  Canyon  and  a  point  about  half  a  mile  above  the  mouth 
of  Homestake  Creek,  a  distance  of  about  3  miles.  The  gravels  along 
this  section  of  the  stream  are  reported  to  be  gold  bearing  throughout, 
but  the  better  concentrations  appear  to  be  somewhat  localized.  Most 
of  liie  mining  has  been  done  in  the  lower  part  of  the  basin  on  three 
claims  that  cover  the  approach  and  entrance  of  the  stream  Into 
Murphy  Canyon.  These  claims  are  designated  Discovery  claim  and 
Nos.  1  and  2  below  Discovery, 

Gold  was  first  found  on  Discovery  claim  in  March,  1905,  and  some 
mining  was  done  on  this  ground  during  the  summer  of  that  year. 
In  1906  the  chief  mining  was  done  on  claim  No.  1  below  Discovety. 
No  mining  of  any  consequence  has  been  done  on  claim  No,  2  below 
Discovery,  but  it  is  stated  that  the  gravels  on  this  claim  contain 
good  prospects.  Although  these  claims  have  not  been  actively 
mined  each  year  since  their  location,  they  are  still  in  the  possession 
of  the  discoverers,  and  considerable  work  has  been  done  upon  them 
from  time  to  time  in  order  to  retain  them  until  conditions  for  fuller 
development  become  more  favorable,  especially  in  the  matter  of  trans- 
portaticm  of  supplies  to  the  district.    The  combined  gold  production 


'.jQOglc 


392  MINEBAL  RESOURCES  OF  ALASKA,  1010. 

from  these  three  claims  U|>  to  the  present  time  is  estimate!  to  he 
worth  about  $15,000. 

The  comparatively  large  volume  of  Totatlanika  Creek  during 
most  seasons  of  the  year  makes  the  problem  of  mining  the  gravels 
in  the  bed  of  the  stream  more  one  of  controlling  the  water  than 
of  obtaining  an  adequate  supply  for  washing  the  gravels.  The  grade 
of  the  stream  is  about  100  feet  to  the  mile  in  this  part  of  its  valley, 
and  the  quantity  of  water  varies  greatly.  Dams  with  flood  gates 
have  been  built  across  the  stream  to  regulate  the  flow  and  facilitate 
groundsluicing;  and  these  have  been  supplemented  by  wing  dams  to 
divert  the  stream  to  one  side  of  its  flood  plain  while  the  other  side 
was  being  mined. 

From  time  to  time  open-cut  mining  has  been  done  on  the  bars  and 
low  flood-plain  gravel  benches  of  the  Totatlanika  at  a  number  of 
points  between  July  Creek  and  Homestake  Creek,  but  none  of  tliese 
operations  have  led  to  extensive  developments,  because  the  control  of 
the  main  stream  is  difficult.  For  example,  two  men  worked  at  a 
point  about  a  mile  above  July  Creek  during  the  early  part  of  the 
summer  of  1916  until  their  workings  were  washed  out  by  a  flood. 
In  the  later  part  of  the  summer  one  man  was  mining  bar  gravels  in 
the  main  stream  bed  about  half  a  mile  above  the  mouth  of  Homestake 
Creek.  The  gravels  at  this  locality  were  about  3  feet  in  depth,  and 
the  bedrock  consists  of  much  jointed  and  contorted  slate.  The  gold 
obtained  is  rather  fine  and  much  flattened.  The  yield  was  stated 
to  be  the  equivalent  of  current  wages,  or  about  $6  a  day  to  the  man. 

BEDBOCK    AND   MINBRAI.IZATIOta. 

The  middle  basin  of  the  upper  Totatlanika  is  eroded  chiefly  in 
schistose  rocks.  Although  there  is  evidence  that  a  large  part  of  this 
basin  was  formerly  occupied  by  lignitic  sediments  overlain  by  the 
Neoana  gravel,  such  as  are  now  present  in  most  of  the  other  valley 
basins  of  the  district,  only  small  remnants  of  these  sediments  still 
remain  in  this  part  of  the  Totatlanika  Valley. 

The  schists  comprise  rocks  of  both  igneous  and  sedimentary  origin. 
The  igneous  schists  are  feldspathic  and  most  of  them  are  porphyritic. 
The  sedimentary  schists  might  in  large  part  be  called  slates  and  are 
more  or  less  carbonaceous.  These  black  slaty  rocks  occupy  tho 
greater  part  of  the  southern  half  of  the  basin,  where  Uiey  crop  out 
across  the  valley  in  several  successive  belts  that  strike  northwest  and 
dip  40°-50''  IfE.  The  feldspathic  schists  occupy  the  northern  half 
of  the  basin  and  appear  to  overlie  the  sedimentary  schists.  Both 
types  of  schist  have  reached  about  the  same  degree  of  metamorphism, 
and  both  are  intruded  by  dikes  of  siliceous  composition  and  granu- 
lar cliaracter.  These  dikes  likewise  show  the  effects  of  considerable 
alteration,  being  strongly  sheared  and  recrystallized  to  a  degree  that 
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indicates  they  were  intruded  into  the  country  rocks  before  the  end 
of  the  regional  metamorphism. 

Quartz  veins  are  abundant  in  both  kinds  of  schist  but  particularly 
in  the  slates,  and  the  sheared  dikes  also  contain  voin  quartz  in  many 
places.  The  siliceous  dikes  intruded  into  the  schists  are  probably  the 
primary  agency  of  gold  mineralization  in  this  basin,  and  probably 
also  the  greater  part  of  the  placer  gold  in  the  present  stream  gravels 
has  been  derived  from  the  schists  through  erosion  since  the  lignitio 
sediments  and  high  gravels  were  removed  from  the  basin. 

CHAJtACTEB  OF  THE  DEPOeiTS. 

The  width  of  the  stream  gravels  on  the  three  claims  in  the  lower 
part  of  the  middle  basin  ranges  from  about  400  feet  on  Discovery 
claim  to  about  100  feet  at  the  lower  end  of  claim  No.  2  below  Dis- 
covery, where  the  stream  is  crowded  between  the  converging  walls 
of  Murphy  Canyon.  The  gravels  range  in  thickness  from  3  to  6  feet 
and  consist  of  typical  stream-bar  material  throughout  the  width  and 
length  of  the  flood  plain.  They  are  rather  coarse,  containing  many 
cobbles  as  much  as  6  inches  in  diameter  and  a  number  of  boulders 
from  1  to  2  feet  in  greater  dimensions.  The  percentage  of  small 
pebbles  and  sand  is  not  large.  Altogether  the  deposits  are  cleanly 
washed  and  show  the  effects  of  reworking  or  shifting  from  one  part 
of  the  flood  plain  to  another  due  to  the  fluctuations  in  the  stream 
flow. 

The  bedrock  is  of  schist,  the  surface  of  which  is  rather  irregular 
and  blocky  in  character.  Many  of  the  -joint  crevices  in  this  schist 
are  rather  open,  and  the  particles  of  gold  penetrate  some  of  them  to 
a  depth  of  2  or  3  feet 

Practically  no  permanent  frost  is  present  in  the  stream- washed  de- 
posits, prdt>ably  because  there  is  an  abundant  and  free  percolation  of 
water  through  them  during  the  greater  part  of  the  year. 


An  instance  of  the  close  relation  between  gold  mineralization  and 
the  dikes  that  intrude  the  schists  is  disclosed  by  mining  operations 
on  July  Creek,  one  of  the  streams  of  the  middle  basin.  July  Creek  is 
a  small  stream,  about  2  miles  long,  that  discharges  into  the  Totat- 
lanika  from  the  western  slopes  of  the  valley  about  half  a  mile  above 
the  head  of  Murphy  Canyon,  or  approximately  at  the  boundary  line 
between  Discovery  claim  and  claim  No.  1  below  Discovery  on  the 
main  stream.  The  valley  of  this  tributary  is  eroded  in  schists  and 
along  the  lower  half  mile  of  its  course  is  narrow  and  bounded  by 
steep  walls  100  to  150  feet  in  height. 

At  a  point  about  a  quarter  of  a  mile  above  the  mouth  of  July 
Creek  the  schists  are  intruded  by  a  dike  that  trends  across  the  gulch 
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in  a  northeasterly  direction.  The  stream  gravels  along  the  creek 
from  this  dike  down  to  the  mouth  have  been  found  to  contain  placer 
gold  in  sufficient  quantity  to  make  mining  profitable,  but  it  is  sig- 
nificant that  practically  no  placer  gold  whatever  has  been  found  in 
the  gravels  of  the  gulch  above  this  dike.  Although  lode  gold  has 
not  been  observed  in  this  dike  or  the  schists  HxsA  it  intrudes,  the  evi- 
dence points  to  the  conclusion  that  the  dike  is  the  mineralizing 
agency  on  which  the  placer  gold  along  the  lower  part  of  July  Creek 
is  dependent,  or,  at  least,  that  the  gold  has  a  bedrock  source  in  the 
schists  near  the  dike  rather  than  in  the  Nenana  gravel  that  formerly 
overlay  the  schists.  For  if  even  part  of  the  placer  gold  of  July  Creek 
was  derived  by  reconcentration  fronL  depoats  of  the  Nenana  gravel 
that  formerly  overlay  the  schists  some  gold  should  still  remain  in 
the  stream  gravels  above  the  dike,  as  there  is  evidence  that  the 
Nenana  gravel  was  formerly  present  in  the  area  now  drained  by 
upper  July  Creek.  The  sharp  upstream  limit  in  the  distribution  of 
placer  gold  along  July  Creek  at  the  position  of  the  dike  therefore 
seems  to  indicate  that  this  dike  is  closely  connected  with  the  minerali- 
zation in  the  schists  from  which  the  placer  gold  is  derived. 

It  is  reported  that  much  of  the  gold  mined  from  July  Creek  was 
rough,  and  that  some  of  it  was  attached  to  vein  quartz.  The  largest 
nugget  mined  was  worth  about  $25. 

As  the  gold-bearing  gravels  on  July  Creek  are  limited  in  extent 
almost  to  one  narrow  gulch  claim,  they  were  mined  out  in  about  two 
years  by  pick  and  shovel.  Most  of  this  mining  was  done  during  the 
summers  of  1910  and  1911.  Along  some  parts  of  the  claim  tho 
gravels  yielded  $200  worth  of  gold  to  the  box  length  (168  square 
feet).  A  total  production  of  fully  $10,000  worth  of  gold  is  reported 
to  have  been  obtained  from  this  claim. 

It  is  highly  probable  that  placer  gold  has  been  carried  from  July 
Creek,  along  with  its  gravels,  and  deposited  in  the  flood  plain  of 
the  Totatlanika,  especially  on  claim  No.  1  below  Discovery,  which 
extends  downstream  from  the  mouth  of  July  Creek.  In  fact,  it 
seems  likely  that  July  Creek  may  be  the  source  of  much  of  tlie 
placer  gold  that  occurs  in  the  gravels  of  the  main  stream  for  some 
distance  below  it,  although  some  of  the  gold  may  have  been  brought 
down  the  Totatlanika  from  the  region  above  July  Creek,  and  some 
may  be  derived  from  local  bedrock  sources  below  July  Creek,  for  the 
Totatlanika  has  eroded  this  part  of  its  valley  to  a  considerable  depth 
into  schistose  rocks.  Tho  mineralized  belt  of  lower  July  Creek  may 
extend  across  the  valley  of  the  Totatlanika,  for  the  dike  on  July 
Creek  trends  in  a  ncrtheasterly  direction,  although  its  outcrop  has 
not  been  traced  to  the  main  stream.  The  schists  along  this  part  of 
the  Totatlanika  contain  many  quartz  veins. 
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HOMKSTAKE   CBEEK. 

Homestake  Creek,  which  has  been  the  most  productive  placer-gold 
stream  in  the  Nenana  district  up  to  the  present  time,  is  the  western- 
most headwater  tributary  of  the  Totatlanika  from  its  upper  basin 
and  discharges  into  the  middle  basin  of  the  main  valley,  about  2 
miles  above  July  Creek,  through  a  deep  canyon  eroded  across  the 
mountainous  belt  that  separates  these  two  basins.  The  total  length 
of  Homestake  Creek  is  about  5  miles,  but  the  upper  3  miles  of  its 
course  is  locally  known  as  Platte  Creek  and  the  name  Homestake 
Creek  is  generally  applied  to  the  lower  2  miles  of  the  stream,  or  to 
that  part  wliich  flows  through  the  canyon.  The  upper  3  miles  of 
the  valley  shows  a  marked  contrast  in  topographic  character  to  the 
lower  2  miles  in  that  it  is  a  part  of  the  broad  undulating  headwater 
basin  of  the  Totatlanika  eroded  in  the  soft  lignite-bearing  sediments 
and  overlying  gravels. 

The  volume  of  Homestake  Creek  is  comparatively  small  and  seems 
particularly  so  in  comparison  with  the  canyon  along  its  lower  course, 
which  is  about  1  mile  long  and  is  eroded  to  a  depth  of  about  1,000 
feet.  There  may  be  some  doubt  that  the  stream  in  its  present  form 
is  to  be  credited  with  the  amount  of  erosion  represented  by  this 
canyon,  for  the  catchment  area  of  Homestake  Creek  in  the  upper  basin 
of  the  Totatlanika  is  limited  to  about  5  square  miles.  It  is  probable 
that  formerly  the  drainage  area  was  much  more  extensive. 

The  highland  belt  that  separates  the  middle  and  upper  basins  of 
the  Totatlanika  is  made  up  chiefly  of  massive  igneous  rocks  that  are 
intruded  into  schists.  These  intrusive  rocks  occupy  an  area  about  1^ 
miles  wide  from  north  to  south  and  5  miles  long  from  east  to  west 
and  extend  from  a  point  2  miles  west  of  Homestake  Creek  to  a  point 
about  3  miles  east  of  that  stream.  Two  other  tributaries  of  the  Totat- 
lanika, Thistle  and  Davis  creeks,  situated  about  1  and  2  miles  east  of 
Homestake  Creek  respectively,  have  also  eroded  deep  gorges  in  these 
rocks  from  south  to  north.  The  valleys  of  these  three  streams  dissect 
the  igneous  mass  into  a  group  of  prominent  mountains,  whose  sum- 
mits stand  at  altitudes  ranging  from  3,000  to  nearly  4,000  feet. 

The  igneous  rocks  that  form  most  of  these  mountains  are  andesitic 
but  contain  a  considerable  amount  of  quartz  and  might  properly 
be  termed  dacites.  These  rocks  show  considerable  decomposition  and 
on  the  surface  have  a  general  dark  reddish-brown  color  due  to  tlio 
development  of  iron  oxides  through  weatliering. 
"  No  particular  evidence  of  quartz  vein  mineralization  was  observed 
in  these  massive  igneous  rocks,  but  the  carbonaceous  slates  along  the 
northern  border  of  the  intrusive  mass  in  the  middle  basin  of  the 
Totatlanika  contain  a  considerable  number  of  small  quartz  veins,  and 
some  evidence  of  vein-quartz  mineralization  was  also,  observed  in  a 
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narrow  belt  of  deeply  disintegrated  schist  that  crops  out  along  the 
southern  border  of  the  intrusive  rocks  at  the  head  of  Homestake 
Creek  canyon,  especially  along  the  course  of  Fox  Gulch,  a  short  tribu- 
tary from  the  west.  The  stream  gravels  along  the  lower  part  of  Fox 
Gulch  and  along  Homestake  Creek  for  half  a  mile  below  the  mouth 
of  this  tributary,  in  the  entrance  to  the  canyon,  are  the  richest  gold 
placers  of  the  valley,  and  their  intimate  association  with  the  contact 
zone  of  schist  that  forms  the  bedrock  of  this  part  of  the  valley  sug- 
gests that  the  placer  gold  may  be  derived  from  the  schist. 

Placer  gold  was  discovered  on  Homestake  Creek  in  the  summer  of 
J  905,  and  during  that  year  eight  or  nine  claims  were  located  along 
the  lower  2  miles  of  the  stream  from  its  mouth  to  a  point  a  short 
distance  above  Fox  Gulch.  One  or  more  claims  were  also  located 
on  the  lower  course  of  Fox  Gulch.  Discovery  claim  is  about  a 
mile  above  the  mouth  of  the  creek,  in  the  middle  of  the  canyon,  and 
the  other  claims  are  numbered  consecutively  up  and  down  the 
stream.  These  claims  cover  all  that  part  of  Homestake  Creek  valley 
that  is  eroded  in  hard  igneous  or  scliistoso  bedrock,  and  good  pros- 
pects of  placer  gold  may  be  obtained  from  the  stream  gravels  of 
practically  every  claim. 

In  general  the  stream  deposits  along  the  lower  IJ  miles  of  the 
valley  consist  of  rather  coarse,  poorly  assorted  gravels  mixed  with 
many  large  boulders  and  considerable  quantities  of  cobbles,  al- 
though in  several  small  areas  where  the  valley  bottom  widens  to 
300  or  400- feet  the  gravels  are  finer  and  better  assorted  than  else- 
where. The  -stream  bed  along  the  narrowest  part  of  the  canyon, 
from  one-half  to  1^  miles  above  its  mouth,  contains  numerous  large 
boulders  and  angular  blocks  of  igneous  rock  derived  directly  from 
the  steep  valley  slopes,  which  are  mantled  with  thick  accumulations 
of  talus.  The  upper  part  of  this  canyon  is  more  open  in  form,  and 
the  stream  deposits  in  it  are  much  finer  than  those  below,  consisting 
chiefly  of  finely  broken  up  schistose  rocks  that  contain  relatively 
few  large  boulders,  although  the  deposits  include  some  well-rounded 
pebbles  of  the  Nenana  gravel  derived  from  the  headwater  area  above. 
The  bedrock  of  this  part  of  the  valley  consists  chiefly  of  schist,  and 
it  is  evident  that  a  large  part  of  the  gravels  are  of  local  derivation. 

Placer  mining  has  been  done  on  Homestake  Creek  since  1906. 
Most  of  the  mining  has  been  done  on  the  four  claims  above  Dis- 
covery claim  and  the  claim  on  lower  Fox  Gulch,  and  nearly  all  of 
this  ground  is  considered  to  be  now  worked  out,  although  it  is  probable 
that  considerable  gold  still  remains  in  the  gravels. 

Ad  inadequate  supply  of  water  has  limited  all  operations  to 
ordinary  open-cut  pick  and  shovel  work  with  small  sluice  boxes  and 
has  prevented  the  development  of  the  ground  in  a  systematic  man- 
ner.   The  flow  of  water  from  the  small  headwater  area  of  Home- 
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stake  Creek  is  ordinarily  so  scanty  that  it  is  necessary  to  pond  the 
stream  by  mflans  of  dams  back  of  which  the  water  is  accumulated 
at  night  in  order  to  obtain  sufficient  water  to  wash  the  gravels  the 
nest  day.  The  disintegrated  character  of  ihe  schistose  gravels  and 
the  fact  that  they  contain  considerable  finer  detritus  and  are  not 
much  compacted  facilitates  mining  with  the  small  quantity  of  water 
available,  which  rarely  exceeds  a  full  sluice  head  except  during 
periods  of  more  than  average  rainfall. 

The  gravels  are  from  S  to  6  feet  in  thickness,  and  most  of  the 
gold  occurs  in  their  lower  part  and  in  the  upper  foot  of  decom- 
posed schist  bedrock.  It  is  reported  that  yields  of  ^00  to  $250  to  the 
box  length  have  not  been  uncommon  on  some  of  the  ground.  This  is 
the  equivalent  of  $5  to  $7  a  cubic  yard. 

The  period  of  greatest  activity  in  mining  on  Homestake  Creek 
was  from  1906  to  1909,  during  which  more  or  less  work  was  done 
on  all  the  claims  from  Discovery  claim,  in  the  canyon,  upstream  to 
and  a  short  distance  above  Foz  Oulch  and  oo  the  lowermost  claim 
on  that  tributary.  Since  1910  the  chief  work  has  been  done  on  the 
claim  that  extends  above  and-below  the  mouth  of  Foz  Gulch,  and  in 
1916  two  men  were  engaged  in  mining  on  the  lower  part  of  this 
claim  in  some  low  bench  grarels  along  the  west  side  of  the  valley 
bottom. 

It  is  estimated  that  about  $80,000  worth  of  gold  has  been  produced 
from  the  placer  claims  on  Homestake  Creek  that  extend  upstream 
from  Discovery  claim  to  and  including  Foz  Gulch.  A  few  thousand 
dollars'  worth  of  gold  has  also  been  mined  from  the  claims  on  the 
lower  part  of  Homestake  Creek  below  tiie  canyon.  In  1907  caie  man 
worked  on  claim  "  No.  4  below,"  just  above  the  mouth  of  the  creek, 
and  in  1916  one  man  was  engaged  in  mining  on  this  claim  during 
the  later  part  of  the  summer. 

■oOUEH  OVLOH. 

McCuen  Gulch  is  on  the  north  side  of  the  upper  Totatlanika  about  5 
miles  above  the  mouth  of  Homestake  Creek.  It  is  about  1|  miles  long 
and  carries  a  very  small  quantity  of  water  except  during  periods  of 
heavy  rainfall,  and  even  at  such  times  it  drains  quickly  because  of 
its  steep  grade,  which  is  more  than  1,500  feet  between  its  mouth  and 
source.  As  a  whole  the  gulch  is  not  very  deeply  dissected  into  tiie 
mountain  slope  along  its  upper  course,  but  its  lower  quarter  of  a  mile 
is  somewhat  sharply  intrenched  to  a  depth  of  about  100  feet  acro^ 
a  sloping  bedrock  bench  that  marks  a  former  flood  plain  of  the  val- 
ley of  the  upper  Totatlanika.  It  is  along  this  lower  section  of  the 
gulch  that  placer  gold  has  been  mined. 

The  mountain  slopes  in  which  McCuen  Gulch  is  eroded  are  made 
up  of  schistose  rocks  liiat  are  intruded  by  one  or  more  dikes  near  the 
103210°— 18— Bull.  662 2S 
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head  of  the  golch.  One  of  these  dikes  consists  of  silioeoufi  granitic 
rock  and  is  eheared,  like  other  dikes  tiiat  are  intruded  into  the  schists 
at  many  localities  throughout  the  district  Some  small  veins  of  iron- 
stained  quartz  occur  in  t^e  schist  in  the  vicinity  of  the  sheared  dike, 
and  the  dike  rock  itself  contains  some  veinlets  of  quartz. 

Placer  gold  was  first  foimd  in  the  baran  of  the  Totatlanika  at  the 
mouth  of  McCuen  Gulch  in  February,  l&Oo,  and  this  discovery  caused 
the  excitement  that  re£ult«d  in  the  location  of  placer  claims  on  prac- 
tically all  the  streams  in  the  district  during  the  following  summer 
and  autumn.  No  information  is  at  hand  regarding  the  amount  of 
gold  that  has  been  mined  from  this  gulch,  but  it  probably  does  not 
exceed  ^,000.  It  is  reported  that  one  man  mined  several  hundred 
dollars'  worth  of  gold  from  this  gulch  in  1915.  In  August,  1916,  one 
man  was  engaged  in  groundsluicing  a  small  open  cut  witli  the  in- 
tention of  mining  before  the  season  closed. 

All  the  mining  on  McCuen  Gulch  has  bem  done  within  1,600  feet 
of  its  mouth.  In  fact,  it  is  only  along  this  section  of  the  stoeam  that 
there  is  Inuch  alluvium  in  the  gulch.  The  alluvial  deposit  is  from  6 
to  10  feet  in  thickness  and  50  to  100  feet  in  width  and  consista  of  a 
relatively  small  proportion  of  well-rounded  gravel  mixed  with  nu- 
merous blocks  and  slabs  of  schist  and  considerable  finely  divided 
schist  detritus.  As  a  whole  the  material  is  pom-ly  assorted  and 
shows  the  lack  of  sufficient  water  in  the  stream  to  wadi  and  concen- 
trate the  gravels  thoroughly. 

Although  this  gulch  has  yielded  little  placer  gold,  it  is  of  interest 
in  that  the  gold  appears  to  be  derived  from  a  local  bedrock  source 
in  mineralized  schistose  rocks  rather  than  by  reconcentration  from 
the  Nenana  graveL 

TATLANIKA  AlTD  QOLB  EIHQ  CBEBXB. 
U>CATI0N  AND  OBNEBAI,  FBATOBBS. 

Tatlanika  Creek  lies  about  10  miles  and  Gold  King  Creek  about 
16  miles  east  of  the  upper  course  of  Totatlanika  Creek.  These  two 
streams  are  of  similar  character  and  together  drain  the  greater  part 
of  the  foothill  belt  between  the  basin  of  the  Totatlanika  and  the 
valley  of  Wood  Kiver.  Their  valleys  extend  from  south  to  north 
across  the  foothill  belt,  a  distance  of  about  20  miles,  and  are  ra^ed 
to  dept^  of  1,000  to  more  than  1,500  feet  below  the  adjacent  broad 
ridges.  These  valleys  do  not  present  the  divOTsitjr  of  relief  that 
characterizes  the  foothill  basin  of  Totatlanika  Creek,  because  they 
are  eroded  in  thick  and  widespread  deposits  of  the  Kenana  gravel, 
except  in  their  headwater  sections  and  in  a  short  canyon  on  the  lower 
Tatlanika. 
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The  general  geology  and  gold  placers  of  Tatlanika  and  Gold  King 
creeks  were  examined  by  Frindle'  in  1906  and  by  Capps*  in  1910. 
Since  then  these  valleys  have  not  been  visited  by  members  of  the 
Geological  Survey,  but  placer  mining  has  been  continued  on  them 
up  to  the  present  time  at  several  localities.  The  writer  obtained  a 
few  notes  regarding  these  later  developments  from  miners  <hi  the 
Totatlanika  who  are  familiar  with  the  district. 

TATLANIKA  CREEK. 

Practically  all  the  placer  mining  in  the  valley  of  Tatlanika  Creek 
has  been  done  on  three  tributaries,  named,  in  upstream  order,  Hearst, 
Boosevelt,  and  Grubstake  creeks,  which  disdiarge  into  the  main 
stream  from  the  east  along  the  middle  part  of  ita  coarse.  More  or 
less  mining  has  been  done  on  tiiese  streams  since  1905,  but  the  most 
continuous  work  has  been  done  on  Grubstake  Creek,  where  from  two 
to  six  men  have  been  employed  each  year.  Boosevelt  Creek  appears 
to  rank  next  to  Grubstake  Creek  in  importance,  and  Hearst  Creek  has 
been  the  least  productive  of  the  three  streams.  It  is  reported  that 
four  men  were  engaged  in  mining  on  Grubstake  Creek  and  one  man 
on  Roosevelt  Creek  in  1916. 

Hearst,  Boosevelt,  and  Grubstake  creeks  are  from  2  to  4  miles  long 
and  of  ccMnparatively  small  volume.  They  are  streams  of  like  char- 
acter, especially  with  regard  to  the  geology  of  the  areas  they  drain 
and  the  conditions  under  which  the  placer  gold  occurs  along  their 
courses.  Their  sources  are  fully  1,000  feet  above  their  mouths,  on 
the  higher  slopes  of  a  broad  ridge  of  the  Nenana  gravel  that  separates 
the  valley  of  the  Tatlanika  from  that  of  Gold  King  Creek,  to  the 
east.  The  upper  halves  of  the  valleys  of  all  three  of  these  tributaries 
are  eroded  in  the  thick  Kenana  gravel,  but  the  lower  courses,  from  1 
to  2  miles  above  their  mouths,  are  eroded  below  the  base  of  the 
Nenana  gravel  to  a  depth  of  100  feet  or  more  in  semiconsolidated 
sediments  ccanposed  of  interbeddcd  clays,  sands,  and  gravels,  with 
some  thin  beds  of  lignite.  These  underlying  deports  are  very  similar 
in  general  composition  to  the  thick  lignite-bearing  sediments  that 
occupy  large  areas  in  the  basins  of  Totatlanika,  Hoseanna,  and  Healy 
creeks  and  elsewhere  in  the  region,  and  on  this  basis  the^  would  be 
coneddered  to  be  of  Eocene  age.  However,  fossil  plant  remains  that 
have  been  obtained  fnHS  these  sediments  near  the  mouth  of  Boose- 
velt Creek  seem  to  indicate  that  they  may  be  younger  than  the  typical 
lignite-bearing  formation  of  the  region. 

The  chief  points  of  interest  with  regard  to  the  plant-bearing 
clays,  sands,  and  gravels  in  the  Tatlanika  Valley  are  that  these 


1  Prfndle,  L.  H.,  Tbe  BoDDlDeld  mai  Kanttitma  reglotii :  D.  8.  Oeol.  BurreT  BuU.  St4, 
pp.  210-212.  I«OT. 

■Ckpps,  B.  B.,  The  BonnllleUI  rcflaD,  Aluk>:  V.  B.  G«oL  Bnmy  BdU.  601,  pp.  47-01, 
1913. 
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sediments  form  the  bedrock  upon  which  die  placer  gold  ot  Hearst, 
Roosevelt,  and  Grubstake  creeks  is  now  concentrated;  that  tlie 
thick  Nenana  gravel  overlies  these  sediments;  and  that  the  strati- 
graphic  relations  of  the  Nenana  gravel  with  the  stimiconeolidateil 
sediments  upon  which  it  rests  appear  to  be  similar  to  those  exhibited 
in  the  valley  of  lower  Healy  Creek  (see  pp.  372-373),  where  about 
500  feet  of  sandy  shales  with  cross-bedded  sands  and  gravels  contain- 
ing some  lignitic  layers  underlie  the  Nuiana  gravel  and  overlie  the 
typical  lignite-bearing  formation  of  the  region.  In  both  localities 
there  is  strong  e^'idence  that  the  placer  gold  in  the  present  stream 
gravels  is  derived  by  reconcentration  from  older  placers  in  the 
Nenana  gravel  and  that  these  older  placers  are  most  probably  in  the 
basal  part  of  the  formation. 

The  placer  gold  on  Hearst,  Koosevelt,  and  Grubstake  creeks  occurs 
chiefly  in  about  2  feet  of  the  present  stream  gravels  that  rest  on  a 
bedrock  composed  of  interbedded  clays,  sands,  and  gravels,  with 
some  semiconsolidated  lignitic  layers.  This  bedrock  is  overlain  by 
the  thick  mass  of  the  Kenana  gravel  in  which  the  valleys  are  chieSy 
eroded. 

A  large  area  along  the  flood  plain  of  Tatlanika  Creek  has  been 
held  under  placer  locations  in  the  form  of  association-group  claims 
of  160  acres  each  for  the  last' 10  years.  This  tract  of  claims  is 
reported  to  extend  along  the  bottom  of  the  valley  for  a  distance  of 
10  miles  or  more,  from  a  point  above  the  mouth  of  Grubstake  Creek 
downstream  to  the  ^ort  canyon  eroded  in  hard  schist  about  7  miles 
below  the  mouth  of  Hearst  Creek.  Along  this  section  of  its  course 
Tatlanika  Creek  has  cut  a  valley  floor  from  one-fourth  to  three- 
fourths  of  a  mile  wide  and  distributed  over  it  a  large  quantity  of 
reworked  gravels  derived  from  the  thick  Nenana  gravel.  It  is 
reported  that  the  bar  gravels  along  this  section  of  the  stream, 
together  with  low  bench  gravels,  contain  prospects  of  placer  gold, 
and  that  the  prospecting  of  these  deposits  with  drills  was  to  be 
undertaken  during  1917.  If  these  gravels  prove  to  contain  profitable 
«mounts  of  placer  gold  they  could  probably  be  easily  mined  by 
means  of  dredges,  for  they  apparently  occur  under  geologic  c<Hidi- 
tions  sdmilar  to  those  that  characterize  the  placers  of  Hearst,  Roose- 
velt, and  Grubstake  creeks  as  described.  It  is  also  probable  that 
some  of  the  placer  gold  contained  in  the  gravels  of  the  main  stream 
may  be  derived  from  these  three  tributaries. 


Placer  gold  has  been  mined  from  a  few  claims  on  Gold  King  Creek 
since  1903.  Prindle  reports  that  about  12  men  were  working  on 
this  stream  in  1906,  and  Capps  states  that  claims  19  and  21  below 
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Discovery  were  under  operation  in  1910.  It  is  reported  that  two 
persons  were  mining  on  this  stream  in  1916.  All  this  mining  has  been 
done  in  the  bed  of  the  main  creek  at  localities  where  the  present  re- 
worked stream  gravels  are  from  4  to  8  feet  thick  and  rest  on  a  bed- 
rock of  clay.  Some  of  the  gold  is  recovered  from  the  gravels,  and 
some  from  the  soft  clay  bedrock  upon  which  it  is  concentrated.  All 
the  mining  has  been  done  by  open-cut  pick  and  shovel  methods. 

The  conditions  under  which  placer  gold  occurs  in  Gold  King  and 
Tatlanika  creeks  appear  to  be  similar.  The  valley  of  Gold  King 
Creek  differs  from  that  of  Tatlanika  Creek  in  that  its  bottom  has 
not  been  widened  so  much  by  lateral  erosion.  This  valley  is  V-shaped 
in  cross  section.  Its  tributaries  have  not  eroded  flood  plains  back 
from  the  main  stream  like  those  of  Hearst,  Roosevelt,  and  Grubstake 
creeks  in  the  Tatlanika  basdn. 

It  appears  as  if  the  clay  bedrock  along  the  narrow  bed  of  Gold 
King  Creek,  upon  which  the  placer  gold  is  concentrated  at  the  lo- 
calities where  mining  is  being  done,  may  be  the  equivalent  of  til© 
formation  upon  which  placer  gold  is  concentrated  in  the  valley  of 
Tatlanika  Creek,  the  difference  between  the  two  valleys  being  that 
Gold  King  Creek  has  barely  eroded  its  bed  down  to  or  a  few  feet 
below  the  base  of  the  thick  Xenana  gravel,  whereas  Tatlanika  Creek 
has  eroded  its  valley  floor  to  a  depth  of  100  feet  or  more  below  the 
Xenana  gravel  and  laid  bare  a  considerable  area  of  the  underlying 
formation  by  lateral  erosion. 

A  large  hydraulic  mining  enterprise  on  Gold  King  Creek  that  had 
been  under  construction  for  several  years  and  was  nearly  ready  for 
operation  in  1910,  at  the  time  of  Capps's  visit,  is  reported  to  have 
been  abandoned  in  the  later  part  of  that  summer  after  a  trial  run  of 
only  a  few  days.  This  project  comprised  a  system  of  ditches  about 
11  miles  in  extent  that  was  designed  to  convey  3,000  miner's  inches 
of  water  from  the  upper  part  of  Gold  King  Creek  to  a  point  on  the 
eastern  slopes  of  the  valley,  where  it  was  to  be  delivered  to  a  pipe 
line  under  a  head  of  700  feet.  The  intention  was  to  mine  the  thick 
Nenana  gravel  on  the  lower  slopes  of  the  valley,  but  apparently  no 
systematic  prospecting  of  the  gravels  to  be  mined  was  done  before  the 
project  was  undertaken. 

SUGGESTIONS  TO  PROSPECTORS. 

As  has  been  pointed  out  with  reference  to  the  gold  placers  of  Home, 
Alaska,  and  French  creeks,  tributaries  of  Healy  Creek  (see  pp.  376- 
379) ,  there  are  no  positive  data  at  hand  as  to  whether  the  placer  gold 
supposed  to  be  contained  in  the  Nenana  gravel  is  confined  to  one  or  a 
few  particular  beds  or  horizons  in  that  formation,  or  is  somewhat 
widely  distributed  throughout  its  thickness.  The  evidence  furnished 
by  the  distribution  of  placer  gold  in  the  present  stream  gravels  of 
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French,  Alaska,  and  Home  creeks,  however,  affords  a  baas  for  the 
surmise  that  this  gold  has  its  chief  source  in  the  lower  500  feet  of  the 
Nenana  gravel,  whose  thickness  in  Healy  Creek  valley  is  fully  2,000 
feet  and  in  the  valleys  of  Tatlanika  and  Qold  King  creeks  at  least 
1,500  feet. 

So  far  as  known,  no  comprehensive  attempt  has  been  made  to 
prospect  for  gold  in  the  Nenana  gravel  itself.  As  pointed  out  by 
Capps,^  if  such  work  is  undertaken,  it  is  essential  that  tunnels  should 
be  driven  far  enough  into  the  deposits  to  reach  uadistorbed  beds  that 
have  certainly  not  been  enriched  by  gold  from  some  outside  source. 
With  little  doubt  it  is  most  advisable  to  undertake  such  prospecting 
at  or  near  the  base  of  the  Nenana  gravel  rather  than  higher  in  the 
section. 

Another  su^^ion  to  be  home  in  mind  is  that  made  by  Prindle ' 
with  reference  to  the  placers  of  Tatlanika  Valley,  which  also  applies 
to  the  deposits  in  the  valley  of  Gold  King  Creek : 

A  point  to  be  ranphaslzed  ts  that  the  soft  cIq^s  and  sands  whlctl  fbrm  the 
bedrock  are  Just  as  trnlj'  bedrock  to  the  stream  gr&Tels  that  overlla  thou  and 
carry  the  gold  as  If  they  were  hnrd  rock.  A  thickness  of  several  hundred  feet 
of  these  unconsolidated  deposits  may  overlie  the  hard  bedrock,  and  any  attenyit 
to  sink  through  them  to  the  solid  forniatlon  would  be  not  only  a  most  difficult 
task,  bat,  inosmnch  ns  the  only  run  of  gold  known  overlies  them,  would  be  In 
all  probability  useless. 

This  suggestion  is  particularly  applicable  to  the  drilling  operations 
which,  according  to  report,  are  to  be  undertaken  in  the  main  valley 
of  the  Tatlanika. 

I  Cappa,  B.  B.,  The  nanDtfleld  Kgloii,  AlMka :  U.  B.  Oeol.  Survey  BsIL  SOI,  p.  SO,  lOlS. 
■Frlndle.  L.  H.,  Tbe  BunnlBeli]  and  Eantlihiia  rssloiis:  O.  S.  Owl.  Sorvar  Boll.  314, 
p.  211,  leOT. 
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By  J.  B.  Mebtib,  Jr. 


INTBODUCTION. 

Gold  lode  mining  in  the  Fairbanks  district  continued  in  1916,  with 
a  small  production.  The  cost  of  power  and  supplies  has  increased 
so  greatly  that  most  of  the  operators  hare  either  closed  their  mines 
or  are  operating  on  a  scale  Uttle  more  extensive  than  prospecting. 
Most  of  the  operators  having  high-grade  gold  ore  do  not  care  to  con- 
tinue work  under  present  conditions,  which  allow  them  only  small 
profits,  and  the  owners  of  lower-grade  ore  can  not  afford  to  operate 
at  all.  The  general  pohcy  of  all  concerned  in  the  gold  mines  ia  to 
await  the  coming  of  the  Government  railroad  to  Fairbanks,  the 
expectation  being  that  this  will  effect  a  general  decrease  in  operat- 
ing costs.  Choaper  power  is  perhaps  the  most  indent  need  of  tiie 
lode  mines,  and  the  Government  railroad,  by  making  available  the 
coal  resources  of  the  Nenana  and  Matanuska  coal  Selds,  should  help 
materially.  A  central  power  plant,  utilizing  perhaps  tiie  low-grade 
Kcnana  coal,  may  prove  the  ultimate  solution  of  the  difficulty. 

Eight  gold  lode  mines,  however,  were  operated  in  the  Fairbanks 
district  in  1916,  producing  gold  valued  at  nearly  $40,000.  This  is 
the  smallest  yearly  production  of  lode  gold  and  silver  in  the  district 
since  1910,  when  the  lodes  were  just  b^inning  to  bo  opened. 

Lode  gold  and  tU-oer  produced  in  the  Favbaiikt  ditlrkt,  1910-1316. 
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The  b^inning  of  antimony  mining  in  the  Fairbanks  district,  the 
mining  developments  in  1915,  and  the  occurrence,  distribution,  and 
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character  of  tlie  ores  have  been  described  by  Brooks.'  The  decline 
in  the  price  of  antimony  early  in  the  summer  of  1916  led  to  the 
closing  of  most  of  the  antimony  mines  in  the  disbict,  only  one  being 
in  operation  at  the  time  of  the  writer's  visit  in  August.  Notwith- 
standing this  fact,  the  production  of  antimony  was  materially 
increased  over  that  of  1915. 

One  silver-lead  lode  was  operated  in  1916. 

Three  tungsten  mines  were  operoted,  producing  about  16i  tons  of 
scheeUte  concentrates.  Prospecting  for  tungsten  lodes  was  also 
actively  carried  on. 

Plate  XYIII  shows  the  locations  of  the  lode  mines  and  proq»ectfa 
so  far  discovered  in  the  Fairbanks  district. 

GOLD  LODB8. 

The  following  report  is  intended  only  as  an  outline  of  progress 
mode  in  lode  mining  in  the  Fairbanks  district  and  not  as  a  compre- 
hensive description  of  all  the  lodes.  Reference  is  made  only  to  the 
producing  mines  and  to  some  others  that  are  being  actively  pros- 
pected. In  a  later  report  the  writer  will  present  generalizations 
based  on  a  study  of  the  lode  systems  and  their  mineralization  and 
will  include  the  results  of  petrographic  and  metallographic  studies 
of  the  ores. 

The  eight  gold  lode  mines  that  were  worked  in  1916  were  that  of 
Crites  &  Foldman,  on  Moose  Creek;  the  Mizpah,  on  Fairbanks  Creek; 
the  Homestako,  at  the  head  of  Wolf  Creek;  the  Mohawk,  at  the  head 
of  Eldorado  Creek;  that  of  Nars,  Anderson  &  Gibbs,  between  Moose 
and  Too  Much  Gold  creeks;  the  Ohio  group  (Gilmore  &  Stevens),  on 
Fairbanks  Creek;  the  Center  Star,  on  Skoogy  Gulch,  tributary  to  Twin 
Creek;  and  the  St.  Paul,  at  the  head  of  Eva  Creek. 

OBTIES  A  WEUatiX. 

The  Crites  &  Feldman  mine,  though  operating  on  a  rather  small 
scale  at  present,  b  the  largest  producer  of  lode  gold  in  the  district. 
'  The  work  being  done  in  1916  was  really  in  the  nature  of  pros- 
pecting. The  old  tunnel  on  the  Helen  S.  claim,  described  by  Cha- 
pin,'  from  which  the  gold  ore  has  been  taken  in  the  past,  has  been 
temporarily  abandoned,  and  a  new  tunnel  has  been  started  on  the 
Hiyu  claim.  The  new  tunnel  is  higher  up  the  west  slope  of  Moose 
Creek  and  is  beii^  driven  along  the  continuation  of  the  vein  system, 
to  determine  the  gold  content  of  the  veins,  and  in  this  way  to  learn 
whether  it  will  pay  to  extend  the  old  tunnel  farth^  west. 

The  new  tunnel  was  driven  350  feet  on  the  gold  quartz  vein  pre- 
viously mined  at  the  old  tunnel.    At  this  points  a  spht  in  the  vein 


DicMzedbyGoOglC 


■UUXrtN  MC    PLATE  XVK 


DicMzedbyGoOglC 


D.».„.db,  Google 


LODE  MINING  IN  FAIRBANKS  DISTRICT.  405 

was  encoontered,  and  both  branches  of  the  vein  hare  been  followed 
for  Bome  distance.  The  leaner  of  these,  about  10  to  12  indies  thick, 
has  a  generd  strike  of  about  N,  80"  W.  and  a  steep  dip  to  the  north. 
It  was  followed  for  about  150  feet  to  a  point  at  which  the  v&n  strikes 
about  N.  50°  W.  The  other  branch  of  the  vein,  which  strikes  N.  76" 
W.  and  dips  steeply  south,  is  considerably  richer,  though  thinner, 
ranging  from  4  to  6  inches  in  thickness.  This  higher-grade  gold 
quartz  vein  at  the  time  of  the  writer's  visit  hod  been  followed  125 
feet  from  the  forks  and  ia  traceable  at  the  surface  northwestward  for 
2,000  feet  from  the  mouth  of  the  tunnel,  extending  into  the  Nars 
claim.  Stibnite,  arsenopyrite,  and  a  httle  sphalwite  occur  with 
this  gold  quartz. 

At  the  upper  end  of  the  Hiyu  claim  a  vein  of  low-grade  gold  quartz 
about  2i  feet  thick  has  been  uncovered.  This  strikes  about  east 
and  dips  about  80°  N.  and  should  intersect  the  two  veins  above 
described.    ElidneyB  of  stibnite  are  present  in  the  quartz. 


The  Mizpah  mine  was  operated  for  several  months  in  1916,  during 
which  about  200  tons  of  ore  was  mined  and  milled.  In  the  faU  of 
1916  the  owner  was  preparing  to  continue  mining  operations  on  the 
pjroperty. 

llie  Mizpah  lode  is  a  gold  quartz  vein  which  strikes  from  east  to 
S.  70°  E,  and  dips  about  65°  SW,  It  has  been  opened  by  an  inclined 
shaft  120  feet  deep  and  by  tunnels  driven  east  and  west  from  the 
shaft.  No  drifting  has  yet  been  done  at  the  bottom  of  the  shaft, 
but  the  owner  expects  soon  to  sink  the  shaft  60  feet  deeper  and  begin 
another  tunnel.  At  the  SO-foot  level  a  tunnel  has  been  driven  130 
feet  west  along  the  vein  and  another  has  been  driven  60  feet  to  the 
east.  At  40  feet  above  and  parallel  with  the  west  tunnel  a  stope 
has  been  driven  110  feet  from  the  shaft. 

The  gold  quartz  vein  is  irregular,  ranging  in  thickness  from  3 
inches  to  3  feet,  with  an  average  thickness  for  the  mine  of  about  1 
foot.  Horses  are  present  at  several  places.  Irregular  veins  of 
white  vitreous  quartz  (bull  quartz)  also  occur  in  the  mine  workings; 
but  these  are  entirely  barren  of  gold,  except  where  they  adjoin  the 
true  gold  quartz  veins  and  have  been  locally  mineralized.  In  this 
mine  the  gold  quartz  vein  may  be  seen  definitely  cutting  the  bull 
quartz,  and  this,  in  conjunction  with  the  local  mineralization  of  the 
bull  quartz,  is  ample  evidence  that  the  gold  quartz  vein  is  the  later. 

About  1  foot  of  gold  quartz  is  present  at  the  face  in  the  west  tun- 
nel, of  which  the  4  inches  on  the  hanging  waU  is  the  richer  in  gold. 
At  the  west  end  of  the  stope,  above  the  west  tunnel,  the  face  shows  a 
vein  spht  by  a  horse,  the  north  side  being  about  12  inches  and  the 
south  side  about  6  inches  thick.     That  part  of  the  Vein  south  of  the 
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horse,  or  on  the  hangiag  vslt,  is  of  hi^er  grade  thaa  the  remaiiider 
of  the  vein.  At  the  end  of  the  east  tunnel  much  faulting  has  taken 
place,  and  the  gold  quartz  is  replaced  hy  earthy  wad  and  oxidized 
Bilver-lead  ore. 

The  gold  ia  confined  almost  entirely  to  the  quartz,  but  a  httle  is 
present  in  gouge  here  and  there  along  the  walls.  Stibnite  occurs  in 
some  parts  of  the  vein,  and  such  parts  assay  abnormally  high  in  gold, 
indicatii^  gold  Muichment  by  the  imtimony  ore.  Thus  in  the  west 
tunnel,  about  SO  feet  from  the  shaft,  some  stibnite  is  present  in  the 
gold  quartz,  and  acme  ore  yielding  as  much  as  $2,000  to  the  ton  is 
reported  to  have  been  mined.  The  average  yield  of  the  gold  so  far 
mined  is  between  $30  and  S40  a  ton. 


The  Homestake  mine  was  operated  in  1916  by  three  lessees,  and 
80  tons  of  high-^ade  ore  was  mined.  The  most  important  recent 
development  at  this  mine  was  the  discovery  by  <jie  laynien  of 
another  productive  ore  shoot  in  the  vein  from  which  the  gold  ore  is 
now  being  taken. 

The  Homestake  mine  was  visited  by  Chapin  ^  in  1913,  and  the  lode 
system  was  described  by  him  in  considerable  detail.  At  that  time  the 
main  tunnel  had  been  driven  south  about  750  feet,  and  a  drift  had 
been  turned  off  to  the  east  on  the  main  gold  quartz  vein  at  a  distance 
of  about  320  feet  from  the  tunnel  entry.  The  gold  appeared  to  be 
piQsent  in  shoots  which  were  separated  by  barren  vein  material. 
The  drift  intersected  such  asi  ore  shoot,  which  had  an  east-west 
extent  of  about  160  feet.  About  135  feet  from  the  mouth  of  the 
drift,  within  this  ore  shoot,  a  raise  to  the  surface  demonstrated  that 
the  shoot  ended  not  far  above  the  drift,  but  a  similar  shoot  was 
eiwountered  30  feet  up  the  raise  from  the  lower  one.  The  operations 
during  1913  consisted  laigely  in  stoping  and  mining  out  theee  two 
ore  shoots. 

The  present  lessees  have  driven  another  raise  near  the  east  end  of 
the  main  drift  and  have  discovered  a  new  ore  shoot  in  the  vein  about 
100  feet  above  the  drift,  from  which  ore  is  now  being  mined.  To 
facilitate  mining  operations  a  new  tunnel  has  been  started  up  the  hill 
and  east  from  the  old  tmmel.  This  tunnel,  however,  if  continued, 
would  strike  the  vein  below  the  new  ore  shoot,  and  therefore  near  the 
face  a  short  inclined  raise  was  driven  east  to  the  ore  body. 

.Chapin  '  described  a  horizontal  fault  in  the  main  drift  along  which 
a  general  east-weet  movement  had  taken  place  parallel  to  the  strike 
of  the  vein  without  displacing  the  vein.  The  owners  of  the  mine  in 
following  east  in  the  drift  have  determined  that  this  horizontal  fault 
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becomes  curved.  At  the  point  where  the  new  raise  was  driven 
the  strike  of  this  fault  is  N.  60"  E.  and  the  dip  30"  NW.  Other 
movements,  however,  have  taken  place  in  this  vicinity,  as  shown 
by  the  presence  at  the  east  end  of  the  drift  of  a  fault  striking  N.  40°  E. 
and  dipping  58"  NW.,  an'd  the  compoaito  effect  of  the  faulting  is  not 
altogether  clear.  The  strike  of  the  gold  quartz  vein  at  the  new  ore 
shoot  is  N,  68°  E.  and  the  dip  40°  SW.  This  observation,  in  con- 
junction with  those  of  Chapin,  indicates  considerable  variation  in  the 
strike  of  the  vein — ^perhaps  as  much  as  25° 

The  country  rock  raises  from  a  mica  schist  to  a  quartzite  schist 
and  locally  shows  a  joiating  striking  N.  65°  W.  and  dipping  75°  SW. 
The  gold,  however,  is  confined  entiredy  to  the  quartz  vein.  Some  stib- 
nite  is  present  in  the  mine,  and  pyrite  and  chalcocite  were  also  seen  in 
very  small  amounts.  Much  white  vitreous  quartz  (bull  quartz)  occurs 
in  the  mine,  hut,  as  in  the  Mizpah  mine,  this  is  banran  except  where 
enriched  by  contact  with  the  gold  quartz  vein. 


The  Mohawk  lode  is  situated  at  the  head  of  Eldorado  Creek,  at  an 
elevation  of  about  2,150  feet,  due  south  of  the  Newsboy  mine.  The 
mine  was  operated  by  two  men  for  four  months  in  1916  but  was  dosed 
at  the  time  of  the  writer's  visit  on  account  of  lit^tion.  During  the 
four  months  46  tons  of  ore  was  mined  and  milled. 

A  working  shaft  about  50  feet  deep  has  been  sunk,  from  wluch  two 
short  tunnfjs  have  been  driven  west  and  east.  The  west  tunnel, 
25  feet  long,  intersects  at  its  west  end  a  vein  of  gold  quartz,  from  16  to 
18  inches  thick,  which  strikes  N.  20°  E.  and  dips  60°  W.  At  the  end 
of  the  east  tunnel  there  is  another  vein,  with  the  same  strike  and  dip, 
ranging  in  thickness  from  30  to  42  inches.  These  appear  to  be  par- 
allel veins,  though  it  is  possible  that  they  may  be  faulted  portions  of 
the  same  vein.  Both  veins  have  been  followed  only  a  short  distance. 
The  gold  is  largely  free.  Stibnite,  pyrite,  and  arsenopyrite  in  small 
amounts  are  also  found  in  the  vein.  One  of  the  owners,  T.  E.  "Wine- 
cofF,  reports  the  presence  of  some  osmiridimn  in  the  ore. 

About  75  feet  northwest  of  the  working  shaft  another  shaft,  said 
to  be  30  feet  deep,  has  been  sunk.  This  was  filled  with  water  and 
inaccessible,  but  it  is  reported  to  have  uncovered  another  quartz  vein, 
striking  N.  80°  W.  and  dipping  35°  SW.  The  material  on  the  dump  at 
this  shaft  showed  considerable  arsenopyrite  in  the  quartz. 

MABS,  AKDBBSON'  &  GIBBS. 

No  work  was  in  progress  at  the  property  of  Nara,  Anderson  &  Gibbs 
in  August,  1916,  but  it  is  reported  by  one  of  the  owners  that  100  tons 
of  ore  was  mined  sometime  in  1916.  The  earher  work  at  this  prop- 
erty and  the  character  of  the  mineralization  have  been  described  in 
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some  detail  by  Smith.*  The  workii^  shaft  was  inacoeesible  at  the 
time  of  the  writer's  visit,  and  no  further  information  concemii^  the 
development  work  is  available  at  present. 

omo  OROUP. 

The  Ohio  group  of  claims,  consisting  of  the  Ohio,  Mayfloww,  Early 
Bird,  and  Gray  Eagle,  Ue  along  the  north  slope  of  Fairbanks  Creek 
west  of  Too  Much  Gold  Creek  and  east  of  the  Ktizpah  lode.  Minii^  at 
present  is  being  done  on  a  small  scale,  the  work  being  more  in  the 
nature  of  prospecting  than  of  mining. 

A  number  of  shafts  have  been  sunk  on  the  Ohio  claim,  exposing 
several  gold  quartz  veins.  Most  of  these  shafts  were  examined  by  the 
writer,  but  it  is  difficult  to  correlate  the  different  veins  without  a  map 
showing  the  location  of  the  shafts.  Moreover,  observations  made  in 
the  shallow  shafts  are  not  trustworthy  on  account  of  surface  creep, 
and  at  this  locahty  the  presence  of  an  old  creek  channel  aloi^  the 
hillside  has  induced  creep  in  the  bedrock  at  depth,  rendering  some  of 
the  information  obtained  in  the  deeper  shafts  hkewiso  untrustworthy. 
However,  it  is  apparent  that  a  number  of  quartz  veins  are  present, 
and  the  owners,  rec<^;nizing  the  difficulty  and  uncertainty  of  pros- 
pecting aloi^  the  hillside,  have  adopted  the  only  alternative  and  are 
driving  a  tunnel  from  a  lower  elevation  on  the  hill  to  crosscut  the  .vein 
systems.  This  tunnel,  which  is  to  be  800  feet  loi^,  runs  N.  30°  W., 
and  in  Ai^ust,  1916,  had  been  driven  240  feet,  ^ot  only  will  this 
tunnel  be  a  means  of  prospecting  all  the  veins,  but  it  will  also  afford 
an  easy  outlet  for  the  ore  to  the  mill  on  the  property. 

Several  shafts  on  the  Ohio  claim  were  examined.  One  of  these,  25 
feet  deep,  showed  two  quartz  stringers,  close  together  and  coalescing 
in  places,  with  a  general  strike  of  N.  70°  W.  and  a  dip  of  45^  SW. 
Tlus  quartz  is  commercial  ore. 

Another  shaft,  57  feet  deep,  has  exposed  8  inches  of  low-^rade  gold 
quartz,  averaging  perhaps  $4  to  $5  to  the  ton.  This  vein  strikes 
east  and  dips  about  45°  N. 

From  the  bottom  of  a  third  shaft,  70  feet  deep,  a  drift  70  feet  long 
has  been  driven,  starting  east  and  then  turning  north.  In  tliis  drift 
is  exposed  a  gold  quartz  vein,  4  to  6  inches  thick,  which  strikes  east 
and  dips  45°  NW.  A  shattered  and  iron-stained  lec^e  of  the  bull 
quartz  is  also  exposed,  but  this  appears  to  be  barren  of  gold.  It  is 
clear  here,  as  at  the  Mizpah  and  Homestake  mines,  that  the  auriferous 
quartz  is  later  than  the  barren  bull  quartz.  The  gold  quartz  exposed 
in  this  shaft  is  good  commercial  ore.  It  contains  also  pyrite  and 
atibnite. 

Higher  up  the  slope,  on  the  Ohio  claim,  a  30-foot  shaft  has  exposed 
a  body  of  "base"  ore,  the  exact  extent  of  which  is  not  known.     A 
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piece  of  rock  from  the  bottom  of  the  shaft  appears  to  be  a  recrys- 
tallized  rock  of  a  green  color  and  impregnated  with  quartz,  pyrite, 
and  arsenopyrite.  A  globule  of  silver  is  reported  to  have  been  ob- 
tained from  some  of  the  oxidized  ore,  vhich  resembles  very  much 
the  silver-lead  ore  in  the  Ifizpah  lode. 

On  the  Early  Bird  claim  12  to  15  inches  of  stiboite  in  a  kidney- 
shaped  body  was  uncovered  in  a  25-foot  shaft. 

Giimore  &  Stevens,  owners  of  the  Ohio  group  of  claims,  installed 
in  1915  s  5-stamp  mill,  in  which  SOO  tons  of  ore  has  been  milled.  Of 
this  amount  350  tons  has  been  taken  from  the  gold  quartz  veins  on 
the  Ohio  group,  most  of  which  was  milled  iu  1915.  At  present  the 
owners  are  engaged  chiefly  in  driving  the  tunnel  above  described. 

CBHTBB  STAB. 

The  Center  Star  claim,  on  Skoogy  Gulch,  a  tributary  of  Twin 
Creek,  was  worked  during  1916.  The  ore  was  milled  on  the  ground 
by  a  home-made  single-stamp  mill,  driven  by  a  6-horsepower  gasoline 


A  shaft  about  45  feet  deep  has  been  sunk,  at  the  35-foot  level  of 
which  drifts  have  been  driven  25  feet  to  the  west  and  150  feet  to  the 
east.  The  gold  occurs  in  a  3-inch  stringer  of  quartz,  which  strikes 
N.  85"  W.  and  dips  steeply  to  the  south.  The  country  rock  is  a 
quartzite  schist,  barren  of  gold.    The  gold  ore  is  of  high  grade. 


The  St.  Paul  claim,  near  the  head  of  Eva  Greek,  southeast  of  Ester 
Dome,  was  actively  prospected  during  the  spring  and  the  early  part 
of  the  summer  of  1916,  and  late  in  Uie  summer  a  7-foot  roller  mill, 
with  a  capacity  of  20  tons  in  24  hours,  was  installed.  This  mill  is 
equipped  with  an  inside  amalgamator  and  is  run  by  a  30-horsepower 
boiler.     During  the  remainder  of  the  year  370  tons  of  ore  was  milled. 

The  workings  consist  of  a  15-foot  shaft,  from  the  bottom  of  which 
a  15-foot  incliaed  shaft  was  driven  to  prospect  the  ore,  and  a  main 
tunnel,  starting  at  a  lower  elevation  than  the  shaft  and  driven  227 
feet,  meeting  1^  bottom  of  the  shaft. 

The  lode  on  the  St.  Paul  claim  is  of  considerable  interest,  because 
it  illustrates  a  phase  of  the  gold  mineralization  different  from  that 
seen  at  most  of  the  lode  mines  in  the  Fairbanks  district.  The  gold 
lode  material  is  a  3-foot  vein  of  the  massive  white  vitreous  quartz 
usually  found  to  be  barren  of  gold  in  the  district.  This  vein  is 
irregular  in  thickness,  strikes  generally  about  N.  40*'  E.,  and  dips 
38°  NW.  The  quartz  is  greatly  decayed,  shattered,  and  iron 
stained,  as  is  also  the  quartzite  schist  and  mica  schist  country  rock. 
There  is  said  to  be  from  8  to  10  inches  of  ledge  matter  on  the  foot^ 
wall,  and  about  6  inches  of  the  same  on  the  hanging  wall.     Irregular 
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bodies  of  stibnite  and  its  altention  products  occur  along  the  foot- 
wall,  but  the  gold  content  is  said  to  be  lower  near  this  stibnite.  At 
the  face  of  the  tunnel,  in  August,  1916,  a  fault  bad  been  encountered, 
and  the  width  of  the  ore  body  was  reduced  to  a  few  inches. 

It  is  perfectly  clear  that  this  is  not  true  gold  quartz,  similar  to 
that  in  most  of  the  Fairbanks  mines.  The  gold  mineralization  is 
clearly  a  feature  of  later  age  than  the  formation  of  this  body  of 
shattered  quartz.  The  writer's  interpretation  of  this  lode  is  that  it 
represents  a  deposition  of  gold  from  solution  with  Uttkt  or  no  accom- 
panying gold  quartz.  It  is  believed  that  the  3-foot  vein  of  quartz 
in  the  St.  Pai^  lode  bears  no  genetic  relation  to  the  gold,  being 
probably  an  old  barren  quartz  vein,  similar  to  hundreds  of  other 
such  bull  quartz  veins  in  the  Birch  Creek  schist.  The  localization 
of  the  gold  in  this  quartz  was  more  lil^ly  due  to  a  mechanical  cause, 
as  the  quartz  on  account  of  its  brittleness  was  extensively  broken 
and  shatt^^d  in  earth  movements  prior  to  the  injection  of  the 
mineralizing  solutions,  to  which  it  therefore  offered  chaimels  of  easy 
circulation.  It  is  also  possible  that  the  quartz,  on  account  of  its 
siliceous  nature,  may  have  influenced  the  deposition  of  the  gold. 
The  fact  to  be  emphasized,  however,  is  that  this  material  does  not 
resemble  the  ordinary  Fairbanks  vein  quartz,  either  in  appearance  or 
in  manner  of  occmrence.  The  writer  was  rather  impressed  by  the 
resemblance  of  this  lode  system  to  the  normal  type  of  gold  lodes  in 
the  Nome  district;  but  the  St.  Paul  lode  differs  from  the  gold  lodes 
on  Seward  Foiinsula  in  that  the  gold  here  is  largely  free. 

The  deduction  to  be  made  from  these  considerations  is  that  the 
quartz  in  the  St.  Paul  lode  is  hl«ly  to  be  irregular,  in  a  degree  oorre- 
spondii^  to  the  irregularity  of  the  old  series  of  barren  quartz  veins. 
The  quartz  is  indeed  likely  to  be  discontinuous  or  to  disappear 
entirely,  though  the  lode  may  continue  as  a  fault  zone  in  the  schist, 
with  or  without  true  gold  quartz.  The  absence  of  vein  quartz  is  not 
in  itself  to  be  considered  detrimental  to  the  future  of  the  lode.  The 
mistake  to  be  avoided  is  that  of  following  blindly  the  quartz  as  a 
source  of  gold,  for  the  deposition  of  the  gold  in  a  body  of  quartz  was 
in  all  probability  fortuitous  and  not  to  be  ascribed  to  generic  asso- 
ciation. The  direction  of  the  zone  of  faultiog,  indicated  by  the 
maximum  of  shattering  and  iron  staining,  should  determine  the 
contlauatiou  of  the  lode. 


The  three  claims  that  constitute  the  Independence  group  oie 
staked  end  to  end  in  an  east-west  direction  on  the  east  slope  of  Twin 
Creek,  just  below  the  mouth  of  Skoogy  Oulch.  Independence  daim 
No.  1  crosses  Twin  Creek  and  extends  some  distance  up  the  west 
sbpe.    The  bde  was  discovered  in  1915,  and  the  developmoit  work 
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was  done  for  the  most  part  last  winter.  MOl  runs  on  the  ore  havB 
been  made  in  an  arrsstre  built  on  Twin  Creek. 

The  Independence  lode  is  a  mineralized  zone  in  porphyritic  gran- 
ite, extendmg  in  a  general  easterly  direction.  Two  small  tuimels 
have  been  driven  on  the  east  dope  of  Twin  Creek  on  Indepraidence 
claim  No.  1 ,  in  the  upper  of  which  18  inches  of  vein  quartz  is  exposed. 
This  vein  strikes  east  and  dips  90°.  Many  iron-stained  joint  planes 
carrying  gold  are  present  in  the  suiroundiDg  country  rock.  Some  of 
these  lie  at  right  angles  to  the  strike  of  the  veins,  but  others  are 
irregular.  Many  small  quartz  veinlets,  likewise  irregularly  placed, 
also  carry  gold.  The  quartz  veins  and  stringers  in  this  lode  are 
high-grade  ore,  and  the  rock  on  the  dump  may  be  considered  as 
workable  commercial  ore.  The  granite  on  both  sides  of  the  zone  of 
intensive  mineralization  gives  low  assays  in  gold,  but  it  is  not  known 
yet  how  far  on  each  side  rock  of  this  sort  extends.  The  mineralized 
zone  has  been  traced  at  the  surface  for  900  feet  east  from  the  tunnels. 

Considerable  pyiite  and  aisenopyrite  occur  with  the  gold  quartz, 
and  both  these  minerals  carry  gold,  probably  for  the  most  part  in  a 
finely  divided  condition.  About  one-third  of  the  gold  is  said  to  be 
recoverable  when  the  ore  is  crushed  to  40  mesh,  the  nonaining  two- 
thirds  being  contained  in  the  sulphides. 


The  Goeesmann  claims  have  been  described  in  some  detail  by 
&nith.'  under  the  head  of  the  Tanana  Quartz  &  HydrauHc  Mining 
Co.'s  claims.  They  consist  of  nine  claims  on  the  east  side  of  Bedrock 
Creek,  just  above  its  junction  with  deary  Creek.  No  work  was  in 
progress  at  the  time  of  the  writer's  visit,  and  no  further  description 
of  the  property  will  be  given  here. 

The  McCarthy  claims  are  in  the  saddle  that  separates  Fairbanks 
and  Wolf  creeks  on  the  Fairbanks  slope.  Nine  claims  constitute  the 
group. 

The  latest  work  done  on  these  claims  is  on  the  Pioneer  claim  near 
its  center,  where  two  shafts  have  been  sunk  on  an  antimony  lead. 
The  vein  varies  considerably  in  thickness,  averaging  perhaps  18 
inches.    The  strike  is  N.  85°  E.  and  the  dip  is  about  80°  N. 

About  600  feet  to  the  west,  on  the  Pioneer  claim,  three  gold  quartz 
veins  have  been  uncovered.  One  of  these  is  12  inches  in  thickness, 
strikes  N.  45°  E.,  and  di]»  60°  NW.;  another,  35  feet  farther  west, 
is  14  inches  thick,  strikes  N.  36°  E.,  and  dips  80°  NW.;  the  third, 
still  farther  west,  is  6  inches  thick,  strikes  east,  and  dips  46°  S. 
It  is  reported  that  these  three  veins  will  average  SIO  to  the  ton. 

1  AnlUl,  p.  8.,  Lode  mlnlDg  nw  Fklitttiiti:  V.  B.  a«ol.  Bamj  Boll,  tas,  pp.  1S0-I83,  Ult. 
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On  the  Iron  Mask  claim  and  continuing  west  into  the  Pioneer,  a 
vein  of  stibnite  8  inches  thick  has  heen  discovered,  which  strikes 
N.  80°  W.  and  dips  ahout  75°  S,  Near  by,  also  on  the  Iron  Mask, 
there  is  a  large  yein  of  loW'^rade  gold  quartz,  striking  X.  42°  W. 
and  dipping  70°  N.  This  vein,  which  is  about  4  feet  thick,  is  reported 
to  intersect  and  therefore  to  be  younger  than  the  stibnite  vein  above 
described.  This  laige  vein  of  low  grade  gold  quartz  also  carries 
stibnite,  and  both  this  and  the  other  stibnite  on  the  Iron  Mask  pan 
gold.  The  lai^  quartz  vein  has  been  traced  southeastward  to 
Fairbanks  Creek,  and  the  ore  in  that  direction  is  said  to  become  of 
higher  grade. 

HONTE  OBISTO  AND  OBAmTE  BILL. 

The  Monte  Cristo  clum  is  on  the  spur  between  Melba  and  Monte 
Cristo  creeks.  The  development  work  to  date  consists  of  a  shaft  IS 
feet  deep,  now  caved. 

This  is  an  interesting  lode  because  of  its  obvious  genetic  connection 
with  a  body  of  porphyritic  biotite  granite,  which  forms  the  country 
rock  at  this  locality.  According  to  a  description  given  by  the  owner 
two  quartz  veins  separated  by  about  3  feet  of  shattered  granite  were 
exposed  in  the  shaft.  The  strike  of  these  veins  is  said  to  be  N.  5°  W. 
and  the  dip  80°  W.  The  east  vein  has  a  thickness  of  3  to  4  inches 
and  was  imiform  to  the  bottom  of  the  shaft ;  but  the  west  vein,  though 
18  inches  thick  at  the  surface,  pinched  out  a  few  feet  from  the  bottom. 

The  quartz  contains  gold,  scheelite,  bismuthinite,  and  according  to 
assay  some  mineral  containing  tellurium.  A  feature  wori^hy  of  par- 
ticular mention  at  this  shaft  is  the  apparent  independence  of  gold 
and  tungsten  in  the  lode.  The  gold  is  associated  with  the  bismuth 
and  tellurium,  being  in  fact  intergrown  with  the  bismuth  minerals. 
The  scheelite,  on  the  other  hand,  is  said  to  occiu-  in  portions  of  the 
vein  where  gold  is  absent.  This  condition  is  exactly  in  accord  with 
that  found  in  the  scheelite  lode  on  the  Black  Joe  and  Mizpah  claims. 

On  the  Granite  Hill  claim,  adjoining  the  Monte  Cnsto,  is  another 
bismuth-bearing  gold  quartz  vein,  which  has  previously  been  described 
by  Chapin.*    No  recent  work  has  been  done  on  this  claim. 

BXTTB.  &  HcOLONE, 

A  number  of  gold  quartz  clums  on  the  ridge  between  Eva  and 
St.  Patrick  creeks  are  owned  by  Smith  &  McGlone  and  are  being 
intensively  prospected.  Shafts  have  been  simk  on  several  gold  quartz 
veins,  some  of  which,  now  inaccessible,  have  been  described  by 
Chapin.'  The  owners  have  by  this  time  a  fairly  good  idea  of  the 
mineralization  of  their  claims,  and  when  the  inevitable  revival  of  lode 
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mining  b^ins  m  the  Fairbuiks  district,  they  should  be  in  a  good 
position  to  b^in  active  work. 

The  present  work  is  being  done  on  the  Leah  fraction.  A  96-foot 
shaft  has  been  sunk,  showing  a  vem  of  gold  quartz  from  2  to  3  feet 
thjckj  lying  in  and  parallel  with  a  mineralized  zone  from  3  to  11  feet 
wide.  The  strike  of  the  vein  is  N.  45°  E.  tmd  the  dip  55*  SE.  Both 
the  gold  quartz  and  the  white  vitreous  bull  quartz  were  seen  in  the 
minerahzcd  zone,  but  here,  as  at  the  St.  Paul  claim,  the  bull  quaxtz 
is  mineralized.  A  specimen  taken  by  the  writer  shows  some  of  this 
vitreous  quartz,  much  broken  and  shattered,  filled  with  stibnite, 
proving  the  later  character  of  the  mineralization.  A  little  sphalerite 
is  also  present  ia  this  lode.  That  portion  of  the  lode  which  adjoins  the 
quartz  vein  proper  is  much  shattered  and  filled  with  quartz  stringers. 
This  part  of  the  lode,  though  not  as  high-^Tade  ore  as  the  main  quartz 
vein,  also  carries  gold  and  may  probably  be  worked.  The  gold  quartz 
proper  is  good  commercial  gold  ore.  It  is  reported  to  the  writer  that 
the  gold  content  is  higher  wh^re  stibnite  is  present  in  the  lode. 


Prospecting  continued  in  ldl6  on  the  Ryan  group  of  eight  claims 
at  the  head  of  St.  Patrick  Creek.  The  present  workings  consist  of  a 
shaft  28  feet  deep,  sunk  on  the  side  line  between  the  Monte  and  Eva 
claims,  which  has  exposed  a  large  body  of  quartz. 

The  lode  consists  of  a  shattered  mixture  of  quartz  and  country 
rock,  lying  in  a  zone  which  strikes  N.  25°  E.  About  15  to  20  feet  of 
ore  was  exposed  at  the  time  of  the  writer's  visit.  This  is  evidently 
another  mineralized  zone,  comparable  in  character  with  that  seen  at 
the  St.  Paul  claim.  Tho^minerahzation  has  seemingly  occurred  along 
a  zone  of  fracture  and  is  not  confined  to  a  gold  quartz  vein.  Much 
arsenopyrite  is  present  in  the  lode,  and  the  green  alteration  product 
Bcorodite  extensively  colors  the  lode  material. 

On  the  Ryan  claim  a  shaft  has  been  sunk  35  feet,  at  the  bottom  of 
which  there  are  kidneys  of  quartz  lying  in  a  mineralized  zone  of  schist. 
As  at  the  other  shaft,  much  arsenopyrite  is  present.  It  is  said  that 
the  gold  content  is  higher  where  there  is  the  least  arsenopyrite,  but 
the  suggestion  is  advanced  tiiat  the  araenopyrite  itself  may  contain 
gold  that  is  not  free.  Kidneys  of  stibnite  also  are  present  in  the 
gouge. 

TTNDALL  &  PLTNlf. 

The  Bondholder  group  of  clums,  owned  by  Tyndall  &  Flynn,  is 
near  the  head  of  Gold  Oulch,  a  tributary  of  St.  Patrick  Cre^.  The 
mineralization  on  the  Bondholder  claim  1ms  been  described  by  Chapin,* 
who  says  that  a  lode  which  strikes  N.  20°  E.  and  dips  40°  NW.  has 
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been  traced  for  500  feet  on  the  surface  and  across  the  lei^h  of  three 
adjoining  clums  to  the  northetet.  This  lode  is  6  feet  wide  and  is 
composed  of  quartz  with  inclusions  of  schist.  The  hanging  wall  is 
bounded  by  gouge,  and  along  this  side  of  the  vein  the  richest  ore  occurs 
in  a  green-stained  quartz  stringer.  The  footwall  ia  not  weU  defined, 
being  made  up  of  a  number  of  paraJlel  joint  planes,  each  with  a  narrow 
seam  of  gouge. 

The  lode  on  the  Bondholder  claim  has  been  prospected  by  three 
shafts,  one  140  feet  deep,  another  145  feet  deep,  and  a  third  shallow 
shaft.  All  these  are  now  in  poor  condition.  Ore  from  this  lode,  seen 
by  the  writer,  resembled  to  a  marked  degree  the  ore  on  the  Ryan  lode, 
containing  arsenopyrite  and  the  green  alteration  product  scorodite. 
This  is  reported  to  be  high-grade  commercial  ore. 

A  tunnel  has  been  started  on  the  Yellowjacket  claim,  east  of  the 
Bondholder,  and  is  being  driven  to  crosscut  the  Bondholder  lode. 
Between  600  and  700  feet  of  tunnel  has  be«i  driven,  but  the  lode 
had  not  yet  been  reached  in  August,  1916.  This  tunnel  shows 
many  well-developed  joint  planes  in  the  schist  country  rock,  which 
strike  N.  20°  W.  and  dip  85°  E.  Near  the  face  many  horizontal  or 
nearly  horizontal  faults  occur,  and  one  small  seam  of  quartz  and 
calcite,  carrying  some  pyrite,  was  noted. 

On  the  Mohawk  claim,  also  owned  by  Tyndall  &  Flynn,  two  shafts 
40  feet  deep  have  been  sunk,  exposing  an  8-foot  vein  of  quartz,  with 
little  or  no  gouge.  Stibnite  and  a  Uttle  sphalerite  are  contained  in 
the  quartz.  It  is  probable  that  this  is  a  continuation  of  the  lode 
now  being  prospected  on  the  Leah  fraction  by  Smith  &  McGlone. 

OTKEB,  UXtTES  AlTD  FROS^OrS. 

There  are  a  large  number  of  other  gold  quartz  mines  and  prospects 
in  the  Fairbanks  district;  but  on  account  of  present  conditions  a 
number  of  gold  quartz  mines  are  not  being  operated,  and  prospecting 
*is  not  being  prosecuted  very  actively.  The  omission  of  reference  to 
gold  quartz  mines  and  prospects,  which  have  been  described  in 
earlier  reports  is  to  be  considered  only  as  an  evidence  of  lack  of  "lining 
activity  and  not  as  an  indication  of  lack  of  intrinsic  worth. 

SULPHIDE  ORES. 

A  variety  of  metaUic  sulphides  have  been  discovered  in  the  Fair- 
banks district,  including  stibnite,  galena  (in  part  silver-bearing), 
pyrite,  arsenopyrite,  sphalerite,  bismuthinite,  jamesonite,  chalcocite, 
and  tetrahedrite.  Of  these  only  stibnite  and  galena  have  been 
found  in  lodes  of  commercial  importance. 

A  number  of  antimony  mines  were  operated  in  1916^  but  all  of 
them  except  the  Chatham  mine  were  cl<»ed  in  August.    SUbaite 
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is  known  to  have  been  mined  at  the  Chatham  mine,  the  Black  Eagle 
mine,  the  Hindenburg  claim,  and  at  the  Leindecker  property. 

One  silver-lead  lode,  near  the  head  of  Cleaiy  Creek,  was  worked  by 
the  Eldorado  Mining  &  Milling  Co. 

CHATHAM. 

The  Chatham  mine,  near  the  head  of  Chatham  Creek,  is  in  reality 
a  gold  mine;  but  during  the  season  of  1916  it  was  worked  for  the 
antimony  ore  which  it  contained  and  hence  the  2-stamp  mill  on  the 
property  was  idle. 

The  main  tunnel  has  been  driven  1,300  feet;  but  the  present  work 
in  the  mine  is  being  done  largely  in  a  stope  above  the  tunnel,  about 
850  feet  from  the  entry.  A  raise  has  been  driven  100  feet  to  the 
surface,  and  60  feet  above  the  tunnel  in  this  raise  is  the  stope  from 
which  the  antimony  ore  is  being  removed.  The  vein,  which  is  about 
18  inches  thick,  is  almost  vertical  and  strikes  N.  70°  E.  Several 
feet  of  gouge  lies  along  the  footwall,  usually  the  south  side  of  this 
vein,  but  the  hanging  wall  ia  firmer.  The  ore  is  stibnite.  This  vein 
is  said  to  cut  the  main  gold  quartz  vein  of  the  Chatham  mine  at  an 
angle  of  85°. 

About  20  feet  from  the  r^e  a  shaft  has  been  sunk  32  feet  from  the 
floor  of  the  tunnel,  striking  the  stibnite  vein  below.  Mining  is  abo 
being  carried  on  at  the  bottom  of  this  shaft,  but  pumping  is  necessary. 

HUTOE  NBima. 

The  Hindenburg  claim,  at  an  elevation  of  about  1,600  feet  on  the 
divide  between  Spruce  and  Eldorado  creeks,  was  worked  for  stibnite 
during  the  summer  of  1916  by  Poz  &  Contardi,  but  the  mine  was 
idle  at  the  time  of  the  writer's  visit  in  August.  Seven  or  eight  men 
were  employed  during  the  early  part  of  the  summer.  It  is  reported 
that  200  tons  of  ore  was  shipped  from  this  property. 

The  workings  consist  of  a  shaft  25  feet  deep,  with  drifta  from  the 
bottom.    The  ore  body  is  said  to  lie  nearly  flat,  dipping  about  60°  SE. 

BLACK  EAGLE. 

The  Black  Eagle  mine,  on  Eagle  Creek,  a  southwesterly  tributary 
of  Treasure  Creek,  has  been  described  in  some  detail  by  Brooks.' 
This  property  was  closed  and  was  not  visited  by  the  writw.  It  was 
the  lai^est  producer  of  stibnite  in  the  district  in  1 91 6. 

Z^INItEC^B. 

On  the  Leindecker  property,  at  the  head  of  Too  Much  Gold  Creek, 
no  operations  were  in  progress  in  August,  1916. 

>  Brooka,  A.  H.,  Antlmoi;  deposlti  of  Aluks:  U.  8.  Oeol.  Samj  Boll.  M»,  pp.  S-»,  lOM. 
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BLDOBAIK}  ICnnHO  ft  JULUXOt  OO. 

The  Eldorado  Mining  &  Milling  Co.  ia  working  s  lode  on  two 
claims  on  the  southeiist  side  of  Cleary  Creek,  juat  above  the  mouth 
of  Willow  Creek.  This  is  the  only  silver-lead  lode  in  the  district 
that  is  being  worked  at  the  present  time. 

An  open  cut  and  a  40-foot  shaft  are  the  principal  workings.  The 
country  rock  is  a  fine-grained  quartzite,  and  the  vein  aa  exposed  in 
the  open  cut  ranges  in  thickness  from  3  to  12  inches  and  lies  parallel 
with  the  structure  of  the  country  rock.  The  ore  at  present  being 
mined  is  argentiferous  galena  with  considerable  pyritc.  The  valuo 
of  the  ore  taken  from  the  shaft,  as  given  to  the  writer  by  one  of  the 
lessees,  classes  this  as  a  good  conmiercial  ore  of  silver  and  load.  The 
ore  also  carries  a  little  gold. 


The  Jackson  claims  consist  of  the  Little  Jim,  Big  Jim,  Our  Jim,  ' 
and  Your  Jim,  near  the  top  of  the  spur  between  Bedrock  and  Tama- 
rack creeks ;  and  the  Vergil  and  Wolverine,  near  the  top  of  the  spur 
between  Willow  and  Bedrock  creeks.  The  Jim  claims  are  here  de- 
scribed tmder  the  head  of  sulphide  lodes,  though  they  also  contain 
gold.  Prospecting  has  been  carried  on  intermittently  on  these 
claims  for  several  years. 

The  lodes  on  the  Jim  claims  contain  a  variety  of  minerals,  including 
stibnite,  silver-bearing  galena,  pyrite,  arsenopyrite,  and  gold  both 
in  the  free  state  and  combined  with  the  sulphides,  Chapin '  has  de- 
scribed the  character  of  the  lodes,  and  the  writer  in  this  report  will 
sketch  only  the  developments  in  prospecting,  reserving  for  a  later 
paper  the  description  of  certain  interesting  features  of  the  ores  on 
this  property. 

The  Little  Jim  claim  is  the  same  as  that  described  by  Chapin  as 
the  {^ver  King.  An  open  cut  50  feet  long  on  this  claim  has  exposed 
a  2-inch  vein  of  sulphide  ore,  largely  galena  with  some  stibnite, 
which  strikes  east  and  dips  about  25°  S.  The  country  rock  is  mica 
schist  and  both  walls  he  parallel  to  its  schistosity.  Both  the  vein 
and  the  country  rock  are  cut  by  a  fault  that  strikes  N.  75°  W.  and 
dips  90°.  About  25  feet  south  of  the  open  cut  a  shaft  is  being  sunk 
to  intersect  the  lode.  This  ore  also  contains  pyrite  and  is  reported 
to  carry  considerable  silver. 

Another  open  cut  on  the  Little  Jim  claim,  about  250  feet  northeast 
of  the  cut  just  described,  has  exposed  a  flat-lying  seam  of  sulphide  . 
ore,  which  contains  well-formed  crystals  of  quartz  intergrown  with 
the  sulphide.  This  vein  where  observed  by  the  writer  is  about  4 
inches  thick,  strikes  K,  45°  E.,  and  dips  at  a  low  angle  to  tiie  south- 

I  joMag  nnr  Falrbuki:  IT.  S.  Owd.  BoTve?  Bull.  Ma,  pp.  «S»-S»,  U14. 
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east.  The  ore  is  described  by  Chapin '  as  being  essentially  a  sulphan- 
timonate  of  lead,  probably  jamesonite,  but  it  contains  aJso  galena, 
arsenopyrite,  pyrite,  and  possibly  stibnite.  Both  walls  lie  parallel 
with  the  schistosity  of  the  country  rock,  which  for  6  or  7  inches  on 
each  aide  of  the  vein  is  heavily  iron  stained  and  carries  from  $6  to  17 
a  ton  in  gold.    The  sulphide  ore  carries  considerable  sUrer. 

Ashaft  has  been  sunk  tea  depth  of  60  feet  on  the  comer  between 
the  littJe  Jim,  Your  Jim,  and  Our  Jim  claims.  A  drift  started  about 
25  feet  south  of  that  point  has  exposed  a  vein  of  sulphide  ore,  com- 
posed of  galena  and  arsenopyrite  with  a  little  pyrite,  which  strikes 
N.  45"  E.  and  dips  about  45°  SE.  This  vein  cuts  the  cleavage  of 
the  country  rock.  A  short  distance  away,  on  the  Big  Jim  d^m,  a 
flat-lying  antimony  vein  was  encountered.  The  shaft  and  drift  by 
which  this  was  prospected  are  now  caved. 

A  tunnel  516  feet  loi^  has  been  driven,  starting  on  the  Big  Jim 
claim,  following  the  line  between  the  Our  Jim  and  Tour  Jim  claims, 
and  ending  at  the  northwest  comer  of  the  Little  Jim  claim.  A 
number  of  faults  are  apparent  in  this  tunnel,  most  of  which  have  a 
strike  somewhat  north  of  west.  At  70  feet  from  the  entry  a  fault 
striking  X.  45°  E.  and  dipping  65°  NE.  cuts  across  the  tunnel.  At 
123  feet  from  the  entry  is  another  fault,  striking  N.  75°  W.  and 
dipping  75°  S.  At  200  feet  is  a  third  fault,  which  strikes  K.  75° 
W.  and  dips  65°  S.  At  300  feet  is  exposed  a  fourth  fault  plane,  like- 
wise striking  N.  75°  W.  and  dipping  steeply  south,  along  which  there 
is  about  4  inches  of  crushed  vein  materifd  and  gouge  that  contains 
sulphides  carrying  gold.  Several  faults  occur  380  feet  from  the 
mouth  of  the  tunnel,  and  along  one  of  them,  striking  N.  40°  W.  and 
dippii^  45"  N.,  is  18  inches  of  soft  gouge,  which  is  reported  to  yield 
a  small  amount  of  silver.  Much  faulting  has  occurreed  at  the  rear 
of  the  tunnel,  and  some  of  the  faults  are  curved.  The  country  rock 
is  quartzite,  quartzite  schist,  and  mica  schist.  The  area  included  in 
these  Jim  claims  has  evidently  been  a  center  of  dynamic  disturbances 
and  mineralization. 

A  shaft  14  feet  deep  with  a  drift  extending  4  feet  south  from  the 
bottom  has  been  sunk  on  the  line  between  the  Vergil  and  Wolverine 
claims.  The  ore  consists  of  iron-etained  country  rock  impregnated 
with  quartz  and  antimony  ore,  in  a  mineralized  zone  about  8  inches 
wide,  striking  N.  55°  E,  and  dipping  15°  SE.  The  hanging  wall  is 
quartzite  schist  and  the  footwall  mica  schist.  A  fault  striking  N. 
80°  W.  and  dipping  70°  S.  is  present  in  the  bottom  of  the  shaft,  but 
this  appears  to  be  earlier  Uian  the  mineral  injection,  for  it  does  not 
displace  the  ore. 

The  ore  is  stibnite  with  several  oxidation  products  and  is  reported 
to  carry  both  gold  and  silver. 

1  CbBFlD,  Theodore,  op.  cit.,  pp.  33S-339. 
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TUNGSTEN  LODES. 
OBNXBAL  I^ATUSSS. 
The  Geological  Survey  has  known  for  a  number  of  yearb  that 
tungsten  lodes  were  present  in  the  Fairbanks  district,  for  tungsten 
minerals  have  been  found  in  the  gold  placers  on  several  creeks. 
Thus  in  1909  Johnson/  in  summarizing  the  known  occurrences  of 
tungsten  minerals  in  Alaska,  referred  to  the  discovery  by  L.  M. 
Frindle  of  wolframite  on  Fairbanks  and  Little  Eldorado  creeks. 
The  concentrates  from  Fairbanks  and  Fish  creeks  are  known  to 
carry  scheelite,  and  it  is  probable  that  close  examination  may  show 
tungsten  minerals  in  numerous  other  creeks. 


PlouBE  S.— Sketcb  map  ahawliig  tungsUa  lode  claims  In  Uie  F&ltbanb  district. 

During  the  summer  of  1915  the  bedrock  source  of  some  of  these 
tungsten  minerals  was  discovered,  and  tungsten  lodes  became  another 
of  the  mineral  resources  of  the  Fairbanks  district.  Prospecting  has 
centered  chiefly  at  two  locaUties,  one  on  the  ridge  between  Fish  and 
Smallwood  creeks  and  the  other  on  the  ridge  at  the  heads  of  First 
Chance,  Steele,  and  Engineer  creeks.  Two  workable  scheelite  lodes 
have  been  opened  at  the  former  locality,  and  a  number  of  promising 
occurrences  of  scheelite  are  being  prospected  at  the  latter.  In 
addition,  a  small  lode  on  Fairbanks  Creek  was  worked. 

The  following  description  of  the  scheeUte  lodes  is  intended  mainly 
as  a  report  of  progress.  A  later  report,  dealing  with  the  tungsten 
deposits  of  Alaska,  will  give  more  detailed  information  regarding  the 
lode  systems  and  their  genesis.  Figure  8  shows  the  distribution  of 
the  tungsten  lodes  in  the  Fairbanks  district. 


..V  Google 


LODE  HIKING  IN  VAIBBAHKB  DISTKtOT.  419 

TUNGSTBN. 

The  Tungsten  claim,  owned  by  George  Ewers,  is  on  the  divide 
between  Fish  and  Smallwood  creeks,  on  a  prominent  dome  at  the 
heads  of  Melba  and  Monte  Cristo  creeks.  Scheelite  was  discovered 
on  this  claim  in  the  siunmer  of  1915,  and  miniiig  was  bogun  in  the  fall 
of  that  year  and  continued  into  the  summer  of  1916.  In  August, 
1916,  an  18-horsepower  gasoline  engine  and  an  air  compressor  had 
been  ordered,  and  the  owner  was  preparing  to  put  in  a  track,  install 
a  skip,  and  begin  operations  on  a  lai^er  scale. 

The  development  work  up  to  August  consisted  of  an  80-foot  in- 
cline, at  an  angle  of  about  33°;  a  35-foot  drift  to  the  east  about  50 
feet  down  the  incline;  and  another  drift  some  distance  to  the  east 
at  the  bottom  of  the  incline.  It  was  from  this  lower  drift  that  the 
latest  shipment  of  ore  was  mined. 

The  country  rock  at  the  Tungsten,  as  well  as  at  the  adjoining 
Scheehte  claim,  consists  lai^ely  of  crystalline  limestone,  extensively 
silicated  at  certain  horizons.  Such  silicated  rocks  have  been  de- 
scribed by  Prindle'  under  the  designation  "silicated  limestone." 
His  conclusion  regarding  the  origin  of  these  rocks  is  as  follows: 
"The  most  probable  tentative  explanation  is  that  these  rocks  were 
impure  calcareous  sedimentary  rocks  containing  basic  or  inter- 
bedded  tuSaceous  material,  and  that  they  were  metamorphosed 
while  they  were  deeply  buried." 

The  silicated  portions  of  the  country  rock  at  the  Tungsten  and 
Scheelite  claims  contain  calcite,  pyroxene,  hornblende,  and  quartz. 
Thus  there  are  pyroxene-quartz,  hornblende-quartz,  and  pyroxene- 
calcite  rocks,  as  well  as  rocks  of  intermediate  type.  One  specimen 
of  a  pyroxene-calcite  rock  shows  the  two  mineraJs  in  poildlitic  inter- 
growth.  Hornblende  schist  and  mica  schist  also  occur  in  the  near 
vicinity.  It  is  believed  that  the  recrystallization  of  the  country  rock 
to  its  present  condition  was  quite  independent  of  any  effect  of  the 
ore-bearing  solutions — that  is,  the  alteration  of  the  country  rock 
appears  to  be  due  to  regional  and  not  contact  metamorphism. 

The  scheelite  occurs  as  disseminated  deposits  in  mineralized  zones 
or  as  ore  shoots  in  the  country  rock.  In  the  drift  that  starts  50  feet 
from  the  surface  several  tons  of  ore  was  removed  from  a  small  ore 
shoot  about  12  inches  high  and  IS  inches  across.  The  strike  of  this 
shoot  was  about  N.  60"  E.,  and  the  dip  25°  NW.  At  the  bottom  of 
the  shaft,  another  ore  shoot,  nearly  horizontal,  was  opened.  This 
body  of  ore  10  feet  from  the  shaft  is  7  feet  wide  and  8  feet  high,  but 
at  the  east  end  of  the  drift  in  August  it  is  4  feet  wide  and  6  feet  high, 
apparently  trending  about  east.  The  cleavage  of  the  coimtry  rock 
dips  SS'^  N.,  the  same  direction  and  pitch  as  ^at  of  the  shaft.    The 

■  Prindto,  L.  H.,  attioKf  of  the  Falrtuiki  district,  A 
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first  shipment  of  ore  from  tiie  mine  was  taken  from  the  inclined  sh&ft, 
and  it  appears  therefore  that  the  ore-beaiing  solutions  in  that  locality 
followed  the  rock  cleavage.  Ore  deposition  in  general  has  probably 
been  guided  by  the  facility  of  circulation  afforded  by  the  country 
rock. 

The  rock  that  contains  the  scheehte  is  of  particular  interest,  on 
account  of  the  bearing  which  ita  character  has  on  the  genesis  of  the 
deposit.  One  specimen  of  ore  examined  under  the  microscope  is 
composed  of  quartz,  augite,  scheehte,  apatite,  and  chloritized  biotite. 
A  small  amount  of  uraUtic  hornblende  also  is  present,  derived  prob- 
ably from  the  altered  pyroxene.  The  scheehte  occurs  as  euhedral 
crystals  and  appears  to  be  secondary  with  respect  to  other  rock 
minerals. 

Another  specimen,  taken  from  the  shaft  by  Mr.  Johnson,  a  former 
part  owner  of  the  Tungsten  claim,  is  apparently  a  tungsten-bearing 
pegmatite.  The  rock-forming  minerals  are  ,  quartz,  oligodase, 
scheehte,  apatite,  titanite,  and  s  little  biotite  and  hornblende,  both 
chloritized.  A  small  amount  of  sericite,  apparently  derived  from 
the  feldspar,  is  also  present.  The  scheehte  has  developed  as  euhedral 
crystals,  which  contain  anhedral  inclusions  of  quartz  and  oligoclase, 
together  with  euhedral  inclusions  of  apatite.  The  exact  spot  in  the 
shaft  from  which  the  specimen  was  taken  was  not  discovered  by  the 
writer,  bub  it  was  assuredly  an  int^ral  part  of  the  deposit. 

The  Tungsten  and  Scheehte  claims  are  about  a  third  of  a  mile 
from  a  lai^  body  of  porphyritic  granite  to  the  south  and  about 
two-thirds  of  a  mile  from  a  smaller  body  of  similar  intrusive  rock  to 
the  north.  Without  much  doubt  these  two  bodies  of  granite  ore 
are  coimected  beneath  the  surface  and  therefore  underlie  this  deposit 
of  acheeUte  at  no  great  depth.  These  data,  taken  in  connection 
with  the  presence  of  the  acheehte-bearing  pegmatite  above  described, 
show  the  intimate  genetic  connection  between  the  intrusive  rock 
and  the  tungsten  ore.  This  deposit  of  scheehte,  then,  particularly 
near  the  surface,  where  it  is  at  present  being  worked,  is  a  dissemi- 
nated deposit,  tJie  tungsten-bearing  solutions  having  been  derived 
from  a  near-by  granite  magma.  Mining  operations  closer  to  the 
igneous  rocks  may  show  the  presence  of  definite  contact-metamorphic 
deposits. 

Fifty  tons  of  scheehte  ore  was  mined  and  shipped  in  the  form  of 
scheehte  concentrates  from  the  Tungsten  claim  in  1915,  and  160 
tons  was  mined,  concentrated,  and  shipped  in  1916.  The  ore  was 
hauled  to  the  Heilig  custom  mill  on  Fairbanks  Creek  for  concentra- 
tion and  was  afterward  shipped  by  parcel  post. 

SCHEEUTXi. 

The  Scheehte  claim  hea  immediately  east  of  the  Tungsten  claim, 
and  the  mining  and  geologic  conditions  are  identical  at  the  two 
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daima.    The  development  work  consists  of  a,  75-foot  induied  shait  ' 
along  the  cleavage  of  the  country  rock,  which,  though  irregular, 
strikes  in  general  aboat  N.  70"  E.  and  dips  33"  N.    The  ore  shoot 
which  is  followed  by  the  inclined  shaft,  is  10  feet  wide  and  from  4 
to  6  feet  high. 

No  mitiing  was  in  progress  at  the  time  of  the  writer's  visit,  but  250 
tons  of  unconcentrated  scheelite  ore  was  shipped  to  Tacoma,  Wash., 
from  the  property  during  the  winter  of  1915-16.  In  August,  1916, 
the  owner  was  preparing  to  sink  a  100-foot  vwtical  shaft  and  continue 
mining  operations.        _____ 

WHITE  ASSOCIATION. 

The  White  as30<»ation  consists  of  three  placer  claims  on  Pearl 
Creek,  extending  downstream  from  the  mouth  of  the  Yellow  Pup. 
In  addition  to  placer  work,  the  owner  has  recently  been  prospecting 
at  this  locality  for  lode  deposits  of  tungsten  minerals. 

Three  shafts  hare  been  sunk,  one  to  a  depth  of  30  feet,  but  these 
wore  not  accessible  when  the  property  was  visited.  According  to 
a  description  given  by  the  owner,  an  ore  shoot  of  scheelite  has  been 
located  in  the  country  rock,  which  is  hornblende  schist  and  mica 
schist.  The  strike  of  this  body  of  ore  is  said  to  be  N.  75°  E.  and  the 
dip  about  75°  N.  The  schist  has  apparently  been  impr^nated  with 
scheeUte  along  its  schistosity.  As  might  be  expected,  the  concen- 
trates from  the  placers  on  Pearl  Creek  contain  scheelite. 

BI.ACE  JOB  AKB  UZPAH. 

Scheelite  was  mined  in  1916  by  Ott  &  McGowon  at  the  Black  Joe 
and  Mizpah  claims,  on  Fairbanks  Creek,  adjoining  the  Mizpah  mine. 
Work  at  this  property  had  been  discontinued  at  the  time  of  the 
writerls  visit.  The  development  work  consists  of  an  inclined  shaft, 
90  feet  deep,  with  drifts  at  the  60  and  80-foot  levels. 

The  country  rock  is  quartzite  schist,  which  strikes  N.  20°  W.  and 
dips  18°  SW.  The  scheelite  is  present  in  a  quarts  vein,  which  cuts 
the  cleavage  of  the  schist,  striking  N.  80°  W.  and  dipping  about  80°  S. 
This  is  really  a  gold-tungsten  vein,  for  it  contains  both  gold  and 
acheehto.  The  interesting  feature,  however,  is  that  the  two  minerals 
occur  in  different  portions  of  the  vein.  Just  above  the  60-foot  levd 
the  vein  is  6  inches  thick  and  is  a  gold-quartz  vein,  carrying  little 
or  no  tungsten.  Just  below  this  level,  in  the  same  vein,  the  quartz 
ia  schoeUto-bearing  and  the  gold  is  lacking.  In  reality,  there  is  a 
scheohte  ore  shoot  in  the  quartz,  with  a  lateral  extent  along  the  vein 
of  about  80  feet.  At  the  80-foot  level  the  vein  is  a  low-grade  gold- 
tungsten  lode,  carrying  little  gold  and  much  less  scheehte  than  at 
the  60-foot  level.  The  dip  of  the  vein  at  this  point  ranges  from  45° 
to  85°  S.  It  appears,  therefore,  that  where  this  quartz  vein  carries 
scheehte  in  commercial  amount  gold  is  lacking,  and  that  the  gold- 
boaring  part  of  the  Vein  is  lacking  or  low  in  scheelite. 
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TAKANA  QBOUP. 

The  Tanana  group  consists  of  five  lode  claims  along  the  northeast 
aide  of  Tungsten  Gulch,  a  headwater  tributary  of  First  Chance  Creek. 
The  claims  are  owned  by  Grant  &  Hirechbei^er,  and  during  the  sum- 
mer of  I9I6  were  being  actively  prospected  for  scheelite.  Six  schee- 
lite  lodes  have  been  discovered  on  these  five  claims,  and  others  are 
probably  present. 

The  principal  work  has  been  done  on  the  Tanana  No.  1  claim. 
The  country  rock  on  this  claim  is  a  quartzite  schist,  the  cleavage  of 
which  strikes  N.  30"  E.  and  dips  35°  NW.  The  lode  consists  of  a 
mineralized  zone,  3  feet  thick,  which  lies  parallel  with  the  major 
structure  of  the  country  rock.  It  is  the  structure  of  the  schist,  in 
fact,  which  has  determined  the  site  of  the  ore  deposition.  The 
scheelite  occurs  in  stringers  of  soft,  decomposed,  iron-gtained  schist, 
from  2  to  6  inches  in  width.  Many  of  these  stringers  contain  little 
quartz-scheelite  veinlets,  which  are  very  rich  in  tungsten  and  carry 
also  some  gold.  The  stringers  of  decomposed  schist  are  said  to  carry 
both  scheelite  and  gold.  The  country  rock  separating  the  schist 
stringers  in  the  lode  also  carries  a  little  scheehte,  possibly  as  much 
as  1  per  cent.  A  specimen  of  scheelite-bearing  pegmatite,  taken 
from  the  bottom  of  the  incline,  shows  the  intimate  genetic  connec- 
tion of  the  deposit  with  granitic  rocks. 

A  gold  quartz  vein  striking  N.  8"  W.  and  dipping  60°  E.  cuts  the 
schist  and  the  scheehte  lode  above  described.  This  vein  carries  gold 
in  about  the  sune  amoimt  as  the  scheelite  lode.  In  view  of  the  fact 
that  gold  and  scheelite  do  not  appear  to  have  been  deposited  syn- 
chronously at  the  other  properties  visited,  it  is  probable  that  the  gold 
in  this  scheelite  lode  is  a  result  of  local  enrichment  by  the  gold  quartz 
vein.  Both  structural  and  mineralogic  data  therefore  point'to  the 
conclusion  that  the  scheelite  mineralization  took  place  before  the 
formation  of  the  gold  quartz  veins,  at  least  at  this  particular  locality. 

The  Discovery  lode  on  the  Tanana  No,  1  claim  consists  of  8  feet  of 
scheelite-bearing  schist,  exposed  in  an  open  trench.  The  hanging 
wall  at  this  place  is  porphyritic  granite. 

The  Tanana  group  of  claims,  as  well  as  the  other  claims  in  this 
vicinity,  including  the  Spruce  Hen  group,  the  Columbia  group,  the 
Tungsten  Hill  group,  and  the  Blossom  claim,  lie  along  the  western 
periphery  of  a  large  intrusive  mass  of  porphyritic  granite.  This  is 
the  same  body  of  granite  that  lies  north  of  the  Tungsten  and 
Scheelite  claims,  above  described.  The  granite  is  intimately  asso- 
ciated with  the  scheelite  lodes,  being  present  at  the  different  claims  as 
transverse  dikes  or  waU  rock,  and  in  the  Tanana  No.  1  lode  a  scheelite 
bearing  pegmatite  occurs.  It  is  quite  evident,  therefore,  that  the 
scheelite  deposits  at  the  west  end  of  this  intrusive  mass  are  dissem- 
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inated  stringer  lodes,  much  like  the  lodea  at  the  Scheelite  and 
Tungsten  cl^ms.  Differences  in  the  fona  of  the  deposits  are  due 
largely  to  the  differences  in  the  character  of  the  country  rock. 

SPBUCB  HEK  GBOUF. 

The  Spruce  Hen  group  consists  of  three  claims  on  the  divide 
T>etween  First  Chance  and  Steele  creeks.  These  claims  are  heing 
prospected  hy  J.  P.  Zimmerman. 

Five  lodes  are  said  to  be  present  on  the  Spruce  Hen  claim.  These 
are  heing  prospected  by  open  trenches.  One  trench  has  revealed 
a  uniformly  mineralized  body  of  schist  and  metunorphosed  basic 
intrusive  rock,  ■without  any  stringers  or  veinlets,  from  3  to  4  feet 
wide,  averaging  perhaps  from  1  to  2  per  cent  of  scheelite.  This 
lode  carries  no  gold. 

At  another  trench,  on  the  same  claim,  is  exposed  a  4-foot  lode 
of  similar  character  which  strikes  N.  33°  E.  and  dips  40"  NW.  Tliis 
strike  is  conformable  with  that  of  the  country  rock  on  the  Tanana 
No.  1  claim,  and  it  is  not  improbable  that  tiiis  trend  of  the  country 
rock  has  been  determined  to  some  extent  by  the  intrusion  of  the 
neighboring  granite  mass,  one  tongue  of  which  extends  from  the 
main  mass  in  a  northeasterly  direction  along  the  ridge. 

COLTmBIA  OBOUP. 

The  Columbia  group,  comprising  three  claims,  is  at  the  head  of 
Steele  Creek,  southeast  of  the  Spruce  Hen  group.  These  claims  are 
owned  by  J.  Meier,  J.  Hoffmann,  and  W.  Wallace.  At  the  time  of 
the  writer's  visit  to  this  property,  the  deveJopment  work  consisted  of 
a  short  tunnel  at  one  locality  and  an  open  cut  at  another.  Since  that 
time,  however,  the  tunnel  has  been  driven  130  feet,  and  in  midwinter 
the  owners  were  installing  a  small  mining  plant. 

The  open  cut  is  on  the  Columbia  claim  and  has  exposed  a  scheelite 
lode  similar  to  the  others  previously  described,  cut  by  a  1-foot  vein 
of  quartz.  Considerable  wad  is  associated  with  the  quartz,  showing 
that  the  vein  is  to  be  classed  with  the  gold  quartz  veins. 

In  the  tunnel  a  3-foot  zone  of  scheeUte-bearing  rock  was  exposed. 
'The  hanging  wall  is  a  porphyritic  granite,  and  the  lode  material 
consists  of  decayed  stringers  of  country  rock,  rich  in  scheelite,  similar 
to  those  at  ttie  Tanana  No.  1  lode.  The  strike  of  the  lode  system  is 
N.  20°  W.  and  the  dip  30°  E. 

ITmaSXBN  HTLL  QBOUF. 

A  group  of  eight  clun^,  owned  by  Martin  Harrais  and  known  as  the 
Tungsten  Hill  group,  lies  on  the  southwest  side  of  Tungsten  Gulch,  a 
tributary  to  Kist  Chance  Creek. 
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Four  acheelite  lodes  had  been  disoovered  on  these  claims  by  August, 
1916,  and  it  is  likely  that  others  are  present.  On  the  Grand  Duke 
Nikolas  dum  a  scheelite  lode  in  the  schist  country  rock  had  been 
exposed  in  an  open  cut.  'Hiis  deposit  consists  of  6  to  8  feet  of  decayed 
schist,  carrying  scheelite.  Vein  quartz  containing  a  little  gold  is  also 
present,  cutting  the  mineralized  zone. 

On  the  Tungsten  No.  1  daim  another  open  cut  had  been  made  in  a 
coimtry  rock  of  mica  schist  and  quartzite  schist.  A  zone  mineralized 
by  scheeUte  is  present,  but  the  mdth  of  the  lode  was  not  apparent 
from  the  work  done. 

Od  the  General  Joffre  claim  a  schedite  lode,  14  feet  wide,  has  been 
exposed.  The  lode  as  a  whole  was  considered  low-grade  ore;  but  it 
contains  in  the  central  part  an  18-inch  stringer  of  decayed  schist, 
which  is  of  considerably  higher  grade. 

These  claims  certainly  deeerre  further  prospecting,  for  they  are  as 
advantageously  situated  with  regard  to  the  granite  as  other  scheelite 
claims  in  the  district  on  which  workable  lodes  have  been  developed. 

AKDBB80N  OI.AIII. 

A  lode  clum  adjoining  the  General  Joffre  claim,  of  the  Tungsten 
Hill  group,  is  owned  by  Charles  Andwson.  On  this  claim  a  quartz 
stringer  striking  N.  50°  E.  and  dipping  55°  NW.  has  been  exposed 
in  an  open  cut.  The  foliation  of  the  country  rock,  which  is  lai^ely 
a  mica  schist,  strikes  N.  60°  E.  and  dips  20°  XW.  Schedite  is  reported 
to  be  present  along  the  outer  edges  of  this  quartz  vein,  but  none  is 
reported  either  inside  the  vein  or  in  the  adjoining  country  rock. 
It  is  Ukdy  that  this  quartz  vein  was  formed  first,  and  that  at  some 
later  time  the  scheelite-bearing  solutions  percolated  upward  along 
the  sides  of  the  quartz  and  deposited  scheelite  in  its  present  position. 

BL0880H  OBOnP. 

The  Blossom  group  consists  of  several  daims  belonging  to  Victor 
Lundhled  and  Charles  Anderson,  at  the  extreme  head  of  Engineer 
Creek. 

A  shaft  on  the  Blossom  daim  is  said  to  have  exposed  a  rich  stringer 
of  Bchedite,  but  this  was  not  visible  on  account  of  timbering  in  the 
shaft.    A  granite  porphyry  dike  is  present  in  the  bottom  of  the  shaft. 

At  another  claim  of  the  SU>ssom  group  a  shaft  20  feet  deep  has 
been  simk,  opening  a  scheelite  lode  from  3  to  4  .feet  in  thickness. 
This  is  another  lode  of  the  stringer  type,  but  a  thin  quartz  veinlet  a 
short  distance  from  the  shaft  was  reported  to  carry  40  per  cent  of 
timgsten. 
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LODE  MINING  AND  PROSPECTING  ON  SEWARD 
PENINSULA. 


By  J.  B.  Mbrtie,  Jr. 


INTRODUCTION. 

The  lodes  of  Seward  Peninsula  give  promise  of  coming  impor- 
tance but  are  as  yet  for  the  most  part  undeveloped.  The  Big  Hurrah 
mine,  in  the  Solomon  district,  produced  gold  from  1903  to  1907  but 
has  not  been  operated  since  that  time.  Several  small  shipments  of 
gold  ore  have  been  made  from  the  Sllscovich  mine,  on  Manila  Creek, 
in  the  Nome  district,  but  these  were  more  in  the  nature  of  samples 
for  mill  tests  than  commercial  shipments.  Except  on  these  two 
properties,  gold  lode  development  is  still  in  the  stage  of  prospecting. 

Lode  mining  of  some  of  the  semiprecious  and  base  metals,  how- 
ever, has  been  done  on  a  small  scale,  though  these  lodes  also  are 
still  largely  undeveloped.  Work  has  been  done  chiefly  on  tungsten, 
antimony,  copper,  tin,  iron,  zinc,  silver-lead,  and  bismuth  lodes.  A 
beginning  has  also  been  made  in  the  development  of  certain  graphite 
lodes. 

The  following  description  of  the  Seward  Peninsula  lodes  is  in- 
tended to  be  merely  a  statement  of  progress  and  development  work. 
A  more  complete  account,  describing  in  some  detail  the  mineraliza- 
tion of  the  lodes  and  embodying  the  results  of  microscopic  and  metal- 
lographic  studies,  will  be  published  later. 

GOLD. 


The  Slisoovich  mine,  near  ihe  head  of  Manila  Creek,  has  been 
described  in  some  detail  by  Chapin,^  and  as  little  or  no  recent 
work  has  been  accomplished,  this  description  will  not  b«  elabcmited. 
The  latest  shipmait  from  this  mine  was  made  in  the  fall  of  1916, 
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when  8S  tons  of  picked  antimony  (U«  was  shipped  to  TtMoma,  Wash. 
From  data  in  possession  of  the  writer  it  appears,  however,  that  this 
ore  contained  considerable  gold  ajid  a  rather  low  percentage  of  anti- 
mony. This  justifies  the  de^gnation  of  the  mine  as  an  antimony- 
gold  mine,  rather  than  an  antimony  mine. 

CAUTOBNIA. 

The  California  quartz  lode  is  near  the  mouth  of  an  east-sido 
tributary  of  Goldbottom  Creek,  at  an  elevation  of  about  630  feet. 
This  is  the  same  property  referred  to  by  Cbapin  ^  as  the  Connelly  & 
Jannsen  quartz  mine. 

The  lode  matter  consists  of  shattered  quartz  and  country  rock, 
which  are  heavily  iron  stained  and  mineralized.  The  otb  body  lies 
along  a  shear  zone,  which  has  a  general  strike  of  N.  15°  W.  The 
shearing  seems  to  have  taken  place  along  a  number  of  faults,  with 
this  general  strike  and  with  variable  dips  to  the  northeast,  but  to 
have  been  concentrated  along  the  hanging-wall  Edde  of  the  shear 
zone.  The  hanging  wall  is  therefore  marked  by  a  well-defined 
fault,  with  slickensided  walls.  Below  the  hanging  waU,  for  about 
1  feet,  the  lode  matter  is  greatly  crushed,  iron  stained,  and  mineral- 
ized, and  it  is  from  this  part  of  the  lode  that  the  ore  has  so  far  been 
taken.  The  footwall  is  not  well  defined,  the  lode  merging  gradually 
into  the  country  rock  on  that  side. 

The  country  rock  in  this  vicinity  is  chlorite  and  sericite  schist, 
with  considerable  graphitic  slate  and  some  thin  bands  of  limestone. 
These  rocks  contain  a  system  of  old  quartz  veins,  which  are  parallel 
to  one  another  and  lie  conformably  with  the  cleavage  of  the  schist, 
striking  N.  40°  E.  and  dipping  50°  SE,  The  shear  zone,  which  strikes 
N.  15°  W.,  cuts  diagonally  across  the  quartz  veins  and  the  character 
of  the  lode  matter  is  therefore  variable.  At  one  locality  it  may  be 
entirely  the  red,  iron-stained,  shattered  schist;  at  another  it  may^ 
dominantly  the  mineralized  vein  quartz.  Thus  on  the  north  bank  of 
the  creek  the  shear  zone  intersects  a  10-foot  quartz  vein,  whereas  on 
the  south  bank  the  mineralization  is  largely  in  schist 

The  lode  system  is  crosscut  by  the  creek  and  well  exposed.  The 
mineralizing  solutions  were  effective  for  a  considerable  distance  lat- 
erally, for  the  iron  staining  is  plainly  apparent  for  300  feet  upstream 
from  the  lode  and  for  a  considerable  distance  downstream.  The 
owner  says  that  this  zone  of  shearing  may  be  traced  1  mile  to  the 
northwest  and  2  miles  to  the  southeast. 

Pyrite  and  arsenopyrite  are  the  prindpal  mineralizing  agents,  but 
here  and  there  a  little  free  gold  may  be  seen.  In  this  as  well  as  in 
most  other  gold  lodes  in  the  Nome  district  very  little  quartz  has  been 

■Chapln,  Tb*odor«,  op.  clt,  p.  402. 
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introduced  with  the  mineralizing  solutions.  Stibnite  is  reported  to 
be  present  in  seams  2  inches  or  less  in  thickness,  but  these  were  not 
seen  by  the  writer.  Hydrous  manganese  oxide  is  present  in  the  gouge. 
Molybdenum  and  tungsten  also  are  reported  from  assays. 

The  development  work  to  date  consists  of  a  70-foot  shaft,  sunk  on 
a  60°  incline  on  the  bank  of  the  creek  and  an  open  cut  near  the  shaft 
The  shaft  was  filled  with  water  at  the  time  of  the  writer's  visit  and 
such  ore  as  was  being  mined  was  taken  from  the  ox>en  cut.  Mining 
was  being  done  on  a  very  small  scale.  A  mill  with  three  1,000-pound 
stamps  and  a  concentrator  are  utilized  in  treating  the  ore.  The  mill 
is  run  by  water  power,  the  water  being  delivered  by  a  ditch  from 
Fred  Gulch.  The  mill  has  a  rated  capacity  of  10  tons  in  24  hours, 
but  it  is  not  at  present  in  the  best  condition.  The  owner  milled  but 
30  tons  in  1915  and  on  account  of  the  deep  snow  in  the  creek  and 
mill  trouble  had  milled  only  8  tons  by  the  last  of  September,  1916. 

The  4  feet  of  ore  along  the  hanging  wall  is  said  to  have  a  value  of 
about  $50  a  ton,  as  indicated  by  assays,  but  the  owner  has  been  able 
to  obtain  only  from  $8  to  $10  a  ton  from  the  plates.  It  is  therefore 
inferred  that  much  of  the  gold  is  either  mechanically  intergrown 
with  the  sulphides,  in  particles  of  microscopic  or  submicroscopic 
size,  or  chemically  combined  with  the  sulphides. 

The  Steiner  gold  lode,  owned  by  Martin  Steiner,  is  on  a  spur  be- 
tween Penny  River  and  one  of  its  small  tributaries,  about  4J  miles 
from  the  mouth  of  Penny  River,  at  an  elevation  of  200  feet.  No  work 
was  in  progress  at  the  time  of  the  writer's  visit,  and  the  shaft  house 
was  closed  and  the  mine  inaccessible.  The  shaft  is  reported  to  be 
135  feet  deep,  and  a  tunnel  at  the  bottom  has  been  driven  100  feet  to 
the  east. 

The  rock  on  the  dump  is  an  iron-stained  pyritized  schist.  Two 
kinds  of  quartz  are  present — one  dull,  opaque,  and  iron  stained,  and 
the  other  clear  and  granular,  A  little  calcite  is  present  in  the  clear 
variety.  The  relation  existing  between  the  two  varieties  of  quartz 
is  not  known,  nor  are  any  data  available  concerning  the  character  of 
the  lode. 

BOtruJEB  OBBEK. 

A  number  of  lode  claims  on  Boulder  Creek,  owned  by  W.  L,  Coch- 
rane and  ClauB  Rodine,  are  being  prospected  for  gold.  The  Boulder 
lode,  embracing  several  of  these  claims,  is  on  the  southwest  side  of 
Boulder  Creek,  at  an  elevation  of  about  250  feet.  Development  work 
on  this  lode  up  to  November,  1916,  consisted  of  a  tunnel  driven  92  feet 
into  the  hillside,  on  the  southwest  side  of  the  creek.  The  direction  of 
the  tunnel,  S.  60°  W.,  is  about  the  same  as  that  of  the  cleavage  in  the 
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schistose  country  rock.  The  rock  through  which  the  tunnel  is  b^ng 
driven  is  a  much  altered  Bchist,  heavily  impregnated  by  iroD-bearing 
solutions  and  cut  by  numerous  veins  and  lenses  of  white,  opaque 
quartz  and  also  by  thin  stringers  of  limonitic  material. 

It  is  apparent  that  the  gold  in  the  tunnel  has  a  genetic  relation  to 
the  iron  minerals,  but  it  is  not  believed  by  the  writer  that  tiie  white 
opaque  quartz  had  any  direct  ccamection  with  the  gold  mineraliza- 
tion, for  the  quartz  shows  the  effects  of  shattering  and  iron  impreg- 
nation in  a  measure  comparable  with  the  schist  itself  and  therefore 
was  present  prior  to  the  mineralization.  The  presence  of  the  white 
opaque  quartz  is  believed  to  be  merely  fortuitous,  though  it  may 
have  had  an  indirect  influence  on  the  mineralization  by  assisting  me- 
chanically or  chemically  in  the  precipitation  from  the  mineralizing 
solutions. 

The  only  quartz  seeiv  by  the  writer  other  than  the  white,  opaque 
quartz  was  a  veinlet  of  clear  granular  quartz,  about  three-eighths 
of  an  inch  thick,  near  the  face  of  the  tunnel.  Evidently  the  minerali- 
zation took  place  with  very  little  deposition  of  silica  by  the  aurifer- 
ous solutions. 

About  50  pounds  of  stihnite  was  taken  from  an  open  cut  at  the 
surface  a  ^ort  distance  west  of  the  tunnel.  Scheelit«  in  well-de- 
veloped ciTstal  outline  has  also  be^i  found  in  the  white  quartz  in 
the  tunneL  It  is  rather  likely  that  the  scheelite  represents  another 
stage  in  this  mineralization,  or  possibly  an  entirely  different  period 
of  mineralization. 

At  the  time  of  the  writer's  visit  to  this  lode  the  tunnel  had  been 
driven  85  feet,  and  although  there  was  much  evidence  of  minerali- 
zation in  the  iron-stained  schist,  sulphides  in  any  notable  amount 
had  not  been  found.  Subsequently,  in  further  driving  of  the  tunnel, 
sulphide  ore  was  encountered  in  the  lode  material.  Specimens  of 
the  last  material  taken  frmn  the  tunnel  were  sent  to  the  writer  by 
Mr.  Rodine  and  prove  to  contain  both  pyrit«  and  arsenopyrite. 

The  Boulder  lode  is  similar  in  many  respects  to  the  California 
quartz  lode,  on  Goldbottom  Creek — that  is,  it  is  a  lode  of  the  dis- 
seminated type — a  mineralized  body  lying  probably  in  a  zone  of 
sliearing.  Mr.  Kodine  says  that  the  trend  of  the  lode,  or,  in  other 
words,  of  this  zone  of  disturbance,  is  about  N.  3°  E.  If  this  is  the 
correct  direction  of  the  lode,  it  would  appear  that  the  tunnel  has 
crosscut  about  76  feet  of  the  mineralized  zone,  and  in  striking  the 
sulphide  ore  the  tunnel  is  probably  entering  the  higher-grade  ore. 

Assays  have  been  made  about  every  10  feet  in  this  tunnel,  and 
theee,  known  in  a  general  way  to  the  writer,  are  considered  favor- 
able in  so  large  a  body  of  mineralized  rock.  If  the  assays  are  reliable 
there  is  here  evidently  a  good-sized  body  of  low-grade  ore.     Yet 
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the  owners  should  do  a  great  deal  more  prospecting  on  the  lode, 
palrtieularly  drill-hole  prospecting,  to  detennine  its  width  and  ex- 
tension before  making  preparations  for  a  milling  plant. 

On  the  northeast  side  of  Boulder  Creek  another  tunnel  35  feet  long 
has  been  driven  on  the  Dakota  lode,  which  embraces  13  claims. 
The  country  rock  here  is  limestone,  with  a  minimum  of  iron  stain- 
ing and  practically  no  sulphides.  Veins  of  white,  opaque  quartz 
and  of  calcite  are  present,  but  there  seems  to  be  little  indication 
of  any  intense  mineralization. 

Bedrock  is  uncovered  in  a  pit  in  the  creek  bed  on  claim  No.  1 
below  Discovery,  Boulder  Creek.  The  country  rock  is  an  iron- 
stained  schist,  the  cleavage  of  which  strikes  N.  60°  W.  and  dips 
30°  SW.  A  fault  zone  trending  N.  30°  W.  and  dipping  southwest 
cuts  through  the  schist  at  this  locality,  A  vein  of  the  white  quartz 
near  by  strikes  N.  60°  E.  and  dips  steeply  northwest.  The  fault  zone 
is  greatly  iron  stained  and  cut  by  limonitic  stringers.  This  material 
pans  gold,  and  some  very  rich  pieces  of  gold-bearing  white  quartz 
have  been  taken  from  this  locality. 

An  open  cut  on  tlie  northeast  side  of  Boulder  Creek  farther  down- 
stream has  exposed  a  good-sized  ledge  of  the  white  quartz.  This 
is  chiefly  of  interest  on  account  of  the  presence  of  pyrite  and  pyr- 
rhotite  together  in  the  quartz,  the  pyrrhotite  being  much  less  plen- 
tiful in  the  Nome  district  than  pyrite  or  arsenopyrite. 

BUBSIK  AKXSN. 

Eight  claims  extending  from  northwest  to  southeast  across  the 
divide  between  Anvil  and  Dexter  creeks  are  being  prospected  by 
T.  Bursik  and  Louis  Kern.  The  main  development  work  consisU 
of  several  open  cuts,  several  shallow  shafts,  a  20-foot  tunnel,  and 
the  main  shaft,  about  85  feet  deep. 

On  one  of  the  open  cuts  a  limestone-schist  contact  is  exposed,  the 
country  rock  striking  N.  55°  E.  and  dipping  20°  SE.  The  limestone 
is  white  and  contains  some  lenses  of  white  (bull)  quartz.  The  schist 
is  dark  and  micaceous.  In  the  shallow  shafts  iron-stained  schist  and 
fractured  and  iron-stained  quartz  may  be  seen. 

At  an  elevation  of  900  feet,  at  the  southwest  base  of  King  Moun- 
tain, a  prospect  tunnel  20  feet  long  has  been  driven.  The  schist 
country  rock  at  this  locality  strikes  northeast  and  dips  5°  SE. 

The  main  shaft  is  at  an  elevation  of  700  feet,  on  the  slope  between 
Anvil  and  Dexter  creeks.  Over  100  assays  of  material  taken  from 
this  shaft  are  said  to  have  been  made,  showing  values  ranging  from 
$2.50  to  $3.25  a  ton. 

103210"— 18— Ball.  662 28 


DicMzedbyGoOglC 


MINERAL  BESOURCES  OF  ALASKA,  1916. 


A  number  of  claims  are  being  prospected  by  Arthur  Hines.  Five 
of  iheaa  are  on  top  of  King  Mountain  and  are  known  as  the  Koyal 
group.  Four  others  lie  along  the  left  bank  of  Dextar  Creek.  Kone 
of  the  Hines  claims  were  visited  by  the  writer. 

ANTIL  CBEEE. 

Along  the  northwest  side  of  Anvil  Creek,  from  the  movth  of 
Specimen  Gulch  downstream  to  a  point  below  Quartz  Gulch,  a  num- 
ber of  open  cuts  and  short  tunnels  have  been  made  in  the  course  of 
prospecting  for  gold  lodes  by  different  men. 

About  opposite  the  mouth  of  Specimen  Gulch  a  tunnel  has  been 
driven  by  J.  C.  Widstead,  exposing  graphitic  schist  cut  by  calcite 
veinlets  and  pyrit«  stringers.  Antimony  ore  is  said  to  have  been 
mined  from  this  tunnel.  A  short  distance  downstream,  where  the 
trail  goes  up  on  the  ridge  to  Glacier  Creek,  an  open  cut  made  by 
F.  Mcintosh  exposes  a  fault  zone.  About  7  feet  of  lode  matter  lies 
between  two  faults,  of  which  the  upper  strikes  X.  40°  E.  and  stands 
vertical  and  the  lower  strikes  about  north  and  dips  60°  W.  The  lode 
matter  between  these  two  faults  is  a  shattered  graphitic  and  cal- 
careous schist,  cut  by  irregular  quartz  stringers,  the  whole  intensely 
iron  stained.  A  few  feet  farther  west  this  fault  zone  is  again  ex- 
posed, showing  a  fault  striking  N.  50°  E.,  with  an  indeterminate 
thickness  of  sheared  and  iron-stained  schist  on  each  side. 

Below  the  mouth  of  Quartz  Gulch  there  are  three  other  open  cuts, 
also  opened  by  F.  Mcintosh,  At  the  upper  of  these  a  vertical  fault 
striking  N.  20°  £.  is  apparent.  Both  schist  and  vein  quartz  are  here 
cut  by  the  fault,  and  ^ow  pyrite  mineralization.  The  second  cut 
(downstream)  shows  both  limestone  and  schist  on  the  dump  and, 
though  caved,  evidently  points  to  a  contact  between  these  two  rocka 
The  third  cut  is  in  limestone,  which  is  shattered  and  veined  with 
calcite. 

About  300  feet  downstream  from  the  last-mentioned  open  cut,  on 
the  same  side  of  Anvil  Creek,  a  tunnel  has  been  driven  by  G,  Chris- 
tophosen  in  the  iron-stained  schist.    This  is  caved  and  inaccessible. 

About  500  feet  farther  down  Anvil  Creek  an  open  cut  and  a  ^ort 
tunnel  belonging  to  Charles  Olsen  show  a  well-marked  fault  striking 
east  and  dipping  53°  N.  The  schistose  country  rock  is  cut  by  white 
quartz  stringers,  but  these  ere  earlier  than  the  faulting  and  its  at- 
tendant mineralization.  Stibnite  occurs  along  this  fault.  Assays 
made  of  this  material  are  said  to  show  50  per  cent  of  antimony  and 
$21.60  in  gold  and  $2.05  in  silver  to  the  too. 

At  an  elevation  of  about  300  feet  on  the  northwest  side  of  Anvil 
Creek,  where  the  Miocene  ditch  comes  through  the  divide,  a  tunnel 
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has  been  driven  150  feet  by  Hendrickson,  Kotovic  &  Stipek.  This 
tunnel  is  old,  and  the  walls  are  covered  with  sediment,  so  that  the 
structure  is  scarcely  discernible.  Caving  has  taken  place  in  the  rear 
of  the  tunnel.  It  is  said  that  this  tunnel  goes  120  feet  through  a 
mineralized  country  rock  carrying  sulphides  and  that  there  is  a 
particularly  rich  zone  15  feet  wide  in  this  mineralized  belt,  about  75 
feet  from  the  entry,  which  assays  $11  to  $12  a  ton  in  gold. 

On  the  southeast  side  of  Anvil  Creek  opposite  the  tunnel  a.  30-foot 
shaft  has  been  sunk  by  the  same  men.  This  shaft  is  inaccessible, 
but  material  on  the  dump  shows  the  presence  of  mineralized  schist 
and  vein  quartz.  The  sulphides  are  pyrite,  arsenopyrite,  and  a  little 
stibnite.    The  vein  quartz  carries  feldspar. 

CHABXES. 

At  an  elevation  of  900  feet  on  the  left  side  of  Cooper  Gulch  there 
is  a  caved-in  shaft  belonging  to  M.  Charles.  The  country  rock  is 
an  iron-stained  limestone. 

On  the  west  side  of  Dry  Creek,  at  an  elevation  of  525  feet,  about 
where  the  valley  opens  out  into  the  flats,  Mr.  Charles  has  driven  a 
tunnel  25  feet  long  in  the  iron-stained  crystalline  limestone,  which 
strikes  N.  43°  E.  and  dips  18°  NW.  Another  tunnel  50  feet  down  the 
hill  slope  has  been  driven  15  feet  in  blue  crystalline  limestone,  which 
has  the  same  strike  and  dip.  A  fault  striking  N.  25°  W.  ajid  dipping 
68°  NE.  cuts  the  limestone  in  the  tunnel,  and  a  foot  or  more  of  calcite 
is  present  along  the  east  side  of  the  fault.  The  I'ock  is  iron  stained, 
but  no  sulphides  were  observed. 

HOKBTmOBB,. 

On  Newton  Gulch  lode  and  placer  claims  aggregating  more  than 
600  acres  are  owned  by  August  Homburger.  About  a  dozen  shafts 
and  two  chum-drill  holes  hare  been  put  down  on  these  claims.  From 
these  it  appears  that  the  country  rock  is  largely  schist,  with  beds  .of 
limestone  and  greenstone.  The  material  taken  from  the  shafts  is 
iron  stained  and  in  some  places  mineralized  by  pyrite.  Stringers  of 
white,  opaque  quartz  and  veinlets  of  glassy  quartz  occur  in  the  schist. 
The  owner  reports  a  mean  value  of  $5  a  ton  in  gold  as  the  result  of 
composite  sampling. 

OLSEN. 

On  the  southeast  side  of  Anvil  Creek,  midway  between  the  mouth 
of  Specimen  and  Quartz  gulches,  five  lode  claims  extending  in  a  di- 
rection about  S.  25°  W.  are  being  prospected  by  Charles  Olsen.  The 
country  rock  at  this  locality  is  a.  graphitic  schist,  similar  to  that 
exposed  by  placer  mining  along  the  left-hand  bench  of  Anvil  Creek, 
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This  graphitic  schist  strikes  north  and  dips  at  varying  angles  to  the 
east.  White  quartz  veins  standing  nearly  vertical  cut  the  schist  in  a 
general  N.  45°  E.  direction. 

The  property  is  being  prospected  by  means  of  a  S7-foot  shaft 
from  the  bottom  of  which  a  35-foot  drift  has  been  driven.  It  is  evi- 
dent from  the  description  by  the  owner  that  the  lode  lies  along  a 
fault  zone.  The  quartz  in  the  lode  is  displaced  by  faulting.  A  little 
stibnite  is  reported  from  this  lode.  The  owner  reports  an  average 
value  of  $16  a  ton  for  the  ore  from  the  shaft. 

FETEBSOir  ft  LAJIOBEAUZ. 

On  the  ridge  between  Anvil  Creek  and  Snake  River,  southwest 
of  Quartz  Gulch,  at  an  elevation  of  650  feet,  a  big  ledge  of  white, 
opaque  (bull)  quartz  has  been  exposed  by  Peterson  &  Lamoreaux 
in  an  oi)en  cut  and  short  tunnel.  This  body  of  quartz  is  8  feet  or 
more  thick,  strikes  S.  45°  W.,  and  dips  about  45°NW.  It  is  heavily 
iron  stained.  The  vein  is  not  clean  cut  but  shows  stringers  going 
off  into  the  black  schist  country  rock.  Strongly  developed  fractures 
striking  N.  35°  W.  are  present  in  the  quartz,  as  well  as  other  irregu- 
lar fractures  and  faults.  This  quartz  has  the  appearance  of  having 
suffered  considerable  metamorphism  and  is  prol^bly  an  old  quartz 
rein  formed  prior  to  the  gold  mineralization  of  the  region.  It  is 
reported  that  galena  was  found  disseminated  in  some  of  this  quartz. 
A  near-by  shaft,  about  40  feet  deep,  is  filled  with  water. 

SIIFEK  ft  KOTOVIC. 

A  number  of  claims  on  Bock  Creek  and  on  Uie  divide  between 
Kock  and  Glacier  creeks  are  being  prospected  by  W.  Stipek  and 
J.  Kotovic.  On  the  east  side  of  Hock  Creek,  at  an  elevation  of 
about  200  feet,  about  25  feet  above  the  creek  bed,  there  is  a  shaft  76 
feet  deep,  on  the  dump  from  which  are  pyritized  schist  and  white 
quartz.  The  shaft  is  filled  with  snow  and  inaccessible.  A  70-foot 
crosscut  is  said  to  have  been  made  at  the  bottom  of  the  shaft  35  feet 
in  opposite  directions,  exposing  a  ledge  of  mineralized  rock.  This 
ledge  trends  S.  5'  W.  The  dump  from  this  shaft  is  said  to  assay 
$S.50  a  ton  in  gold,  and  stringers  rich  in  sulphides  are  said  to  have 
assayed  as  high  as  $150  a  ton.  It  is  a  significant  fact,  in  view  of 
what  has  already  been  said  concerning  the  scarcity  of  true  gold 
quartz,  that  no  quartz  is  present  with  these  stringers. 

Just  below  this  shaft,  on  a  level  with  the  creek,  a  prospect  tunnel 
has  been  driven  120  feet  into  the  hill,  crosscutting  the  lode.  Just 
inside  the  entry  the  tunnel  cuts  through  a  12-foot  vein  of  the  white 
opaque  quartz,  which  is  greatly  shattered  and  iron  stained.  A  mill 
run  on  this  material  has  shown  it  to  contain  250  pounds  of  concen- 
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trates  to  the  ton  of  rock  milled  and  $2.65  a  ton  in  free  gold.  The 
i-oncentrates,  which  are  chiefly  ars^iopyrite  and  pyrite,  are  said  to 
assay  from  $48  to  $65  a  ton  in  gold.  Hence  the  total  value  of  the 
mineralized  quartz  would  be  about  $8.25  a  ton. 

Beginning  at  a  point  15  feet  from  the  entry  and  continuing  to  the 
face,  sulphides  are  plentiful  in  the  mineralized  schist  and  shattered 
white  quartz.  Arsenopyrite  is  particularly  abundant.  A  fault, 
striking  east  and  dipping  steeply  to  the  north,  cuts  across  the  tunnel 
at  the  beginning  of  the  sulphide  zone.  It  is  said  by  the  owner  tbat 
the  schist  in  the  mineralized  zone  carries  more  gold  than  the  mineral- 
ized quartz. 

About  75  feet  downstream,  on  the  same  side  of  Rock  Creek,  an- 
other tunnel  has  been  driven  40  feet,  showing  in  part  the  same  gen- 
eral section,  including  the  large  vein  of  white  quartz  above  described. 
it  appears,  therefore,  that  the  zone  of  mineralization  has  a  general 
northeasterly  eztenEaon. 

On  Sophie  Qulch,  above  the  scheelite  deposits,  another  prospect 
tunnel  belonging  to  the  same  owners  has  been  driven.  This  is  65  feet 
long,  but  is  caved  and  ioaccesdhle.  A  short  open  cut  below  the  tun- 
nel, however,  shows  the  presence  of  mineralized  country  rock. 

NUQENT. 

At  an  elevation  of  300  feet  on  the  southeast  side  of  Bock  Creek, 
at  the  level  of  the  creek,  the  so-called  Nugent  tunnel  has  been  driven 
150  feet  into  the  hillside.  The  country  rock  is  a  much  iron-stained 
schist  striking  N.  20°  E.  and  dipping  25°  SE.  It  is  cut  by  nutny 
quartz  stringers  which  are  reported  to  carry  considerable  gold. 
These  quartz  veins  strike  consistently  N.  45°  E.  and  dip  steeply  to 
the  southeast.  No  recent  work  has  been  done  in  this  locality,  and 
the  owner  was  not  present  to  give  any  first-hand  information. 

NEW  EK&  MimNQ  CO. 

The  New  Era  Mining  Co.  owns  seven  lode  claims,  known  as  the 
Big  Four  group,  on  Snow  Gulch,  a  tributary  of  Glacier  Creek.  The 
New  Era  mine  has  been  described  by  Chapin.^  Little  recent  work 
has  been  done  at  this  property.  The  principal  development  work 
consists  of  a  315-foot  tunnel,  driven  to  crosscut  the  lode.  This  was 
inaccessible  at  the  time  of  the  writer's  visit  and,  having  been  de- 
scribed by  Chapin,  will  not  be  further  considered  in  this  paiwr, 

A  shaft  60  feet  deep  has  been  sunk  on  the  Big  Four  claim,  east  of 
Snow  Gulch,  at  an  elevation  of  about  500  feet.  This  likewise  was 
inaccessible,  hut  the  writer  was  given  information  concerning  con- 
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ditions  underground  by  Capt.  Fred  West,  one  of  the  owners.  The 
country  rock  at  this  point  is  limestone,  which  is  cut  by  numerous 
quartz  veins  and  stringers  ranging  from  a  fraction  of  an  inch  to  18 
inches  in  thickness.  These  stringers  strike  N^.  65°  E.  in  a  zone  about 
60  feet  wide.  At  the  30-foot  level  a  drift  has  been  driven  32  feet 
in  a  direction  about  N.  65°  E.,  along  the  lode,  and  another  S.  25°  E., 
to  crosscut  the  lode.  The  quartz  is  said  to  be  true  gold  quartz — that 
is,  little  iron  stained,  with  numerous  open  spaces,  unshattered,  and 
carrying  crystalline  gold.  It  resembles  the  so-called  "water  quartz," 
OS  it  is  termed  by  the  miners  of  the  Fairbanks  district,  or  tixe  true 
vein  quartz  of  that  district. 

A  short  distance  downhill  from  this  shaft  schist  begins,  and  the 
mineralized  zone  continues  into  it.  Schist  strikes  \.  15*  E.  and 
dips  30°  E.  The  true  rein  quartz  is  said  to  be  lacking  in  the  schist, 
but  there  are  parallel  joints  or  slips  that  strike  N.  6a'-Q0°  E.  and 
dip  about  65°  NW.  Some  of  the  old  white  quartz  lying  along  these 
joints  is  heavily  iron  stained  with  red  ocher.  The  schist  itself  along 
the  lode  extension  is  iron  stained  and  otherwise  mineralized  and  is 
said  to  constitute  a  body  of  commercial  ore. 

GOLIIEV  SAOLE  ANXt  OOLD  BUO. 

The  Golden  Eagle  and  Gold  Bug  claims,  owned  by  Capt.  Fred 
West,  are  on  the  east  side  of  Snake  Biver  about  halfway  between 
Mountain  Creek  and  Snow  Gulch,  at  an  elevation  of  400  feet.  The 
development  work  consists  of  a  tunnel  125  feet  long,  driven  along 
a  6-foot  vein  of  iron-stained,  shattered  quartz.  The  country  rock, 
which  is  schist  at  this  locality,  strikes  N.  32°  W.  and  dips  25°  SW. 
The  quartz  vein,  which  strikes  N.  70°  E,  and  dips  45°  SE.,  cuts  across 
the  cleavage  of  the  schist  and  is  said  to  be  traceable  1,500  feet  at  the 
surface.  Some  iron  sulphides  are  present  in  the  quartz,  and  assays 
taken  at  the  breast  indicate  rather  high  grade  ore,  the  extent  of 
which,  however,  is  not  known, 

JOBOElfSEN. 

The  Eureka  and  Borasco  claims,  at  the  head  of  Mountain  Creek, 
a  tributary  of  Snake  River,  are  being  prospected  by  A,  C.  Jorgensen. 
The  development  work  on  these  two  claims  was  of  special  interest  to 
the  writer  because  it  shows  clearly  that  the  gold  mineralization  is 
absolutely  independent  of  the  presence  of  gold  quartz. 

The  mica  schist  country  rock  strikes  north  and  dips  28°  E.  It  is 
cut  by  veins  and  stringers  of  the  white  vein  quartz,  somewhat  irregu- 
lar in  character  but  striking  in  a  general  way  about  N.  60°  E.  and 
standing  about  vertical.  A  fault— in  reality  a  fault  zone  about  1  foot 
thick — striking  N.  65°  W.,  with  a  high  northeast  dip,  cuts  both  schist 
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and  quartz  veins.  All  the  schist  in  the  vicinity  is  iron  stained,  but 
this  feature  is  particularly  evident  near  the  fault,  where  the  country 
rock  is  heavily  charged  with  arsenopyrite.  The  hematitic  material 
along  the  fault  is  a  granulated  iron-impregnated  schist  which  pans 
free  gold.  Joint  planes  striking  N,  30°  E.  and  dipping  70°  NW.  are 
present  in  the  schist  and  are  much  iron  stained.  They  probably 
afforded  a  channel  for  the  transmission  of  the  auriferous  solutions 
from  the  fault  zone  out  into  the  adjoining  schist. 

Arsenopyrite  is  the  chief  sulphide  present,  pyrite  being  subordi- 
nate. The  sulphide-bearing  schist  gives  exceptionally  good  returns 
in  gold.  It  is  believed  that  a  large  proportion  of  the  gold  is  com- 
bined with  the  sulphides.  The  free  gold  in  the  hematitic  gouge  is 
fine,  even  grained,  and  much  discolored  by  iron.  Scheelite  is  also 
found  in  and  along  one  of  the  shattered,  iron-stained  white  quartz 
veins. 

The  owner  of  these  two  claims  plans  to  build  a  homemade  3J;foot 
conical  tube  mill  and  treat  the  ore  in  a  small  way,  saving  the  free 
gold  on  plates  and  shipping  the  concentrates. 

X.ABAT  &  HEEGAJ7. 

The  Labay  &  Meegan  gold  quartz  lode  is  in  the  basin  of  Daniels 
Creek,  northeast  of  Bluff,  in  the  Solomon  district.  The  writer  was 
not  able  to  visit  this  property  but  gained  a  general  idea  of  condi- 
tions at  this  locality  by  conversation  with  Mr.  L,  A.  Labay. 

According  to  description,  the  property  includes  16  or  more  lode 
claims,  staked  from  north  to  south  in  groups  of  three.  There  are 
three  lode  systems  extending  in  a  north-south  direction,  known  as  the 
Sea  Gull,  Idaho,  and  Esquimeaux  lodes,  named  in  order  from  west 
to  east.  Two  of  these,  the  Idaho  and  Esquimeaux,  coalesce  along 
the  southeast  side  of  Daniels  Creek. 

The  Sea  Gull  lode  is  said  to  be  37  to  39  feet  wide  and  appears  to 
be  a  mineralized  zone  in  schist  and  quartz.  This  lode  system  strikes 
north  and  dips  steeply  to  the  west.  The  Idaho  lode  is  reported  to  be 
150  feet  wide  and  likewise  strikes  approximately  north  and  dips 
steeply  west  Between  the  Sea  Gull  and  Idaho  lodes  lies  200  feet  of 
black  schist.  From  data  given  to  the  writer  by  Mr.  Labay  it  ap- 
pears that  these  lodes  contain  a  large  body  of  low-grade  commercial 
gold  ore. 

The  present  developments  consist  of  a  100-foot  tunnel  on  the  Idaho 
claim,  with  a  40-foot  winze  at  the  breast  and  a  50-foot  crosscut  at 
the  bottom  of  the  winze.  A  50-foot  timbered  shaft  is  also  open  on 
the  Idaho  No.  1  claim  and  a  similar  75-foot  shaft  on  the  Idaho  N^o.  2. 
There  are  a  number  of  other  prospect  shafts,  some  timbered  and 
others  untimbered,  most  of  which  are  caved.  The  owners  are  now 
arranging  for  the  installation  of  a  mill  on  the  property. 
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TUNGSTEN. 


The  property  known  as  the  Sophie  lode,  on  Sophie  Gulch,  &  triba- 
tary  of  Bock  Creek,  consists  of  one  patented  placer  claim  and  two 
lode  claims.  Kesidually  leathered  tungsten  ore  was  mined  here  by 
placer  operations  in  1916.  The  following  notes  are  not  intended  as 
a  final  analysis  of  the  conditions  of  mineralization  but  merely  as 
facts  evident  irom  the  field  examination.  The  results  of  microscopic 
work  on  this  lode  will  be  included  in  a  later  report. 

The  country  rock  at  this  place  is  an  iron-stained,  thin-cleaving, 
foliated  mica  schist,  the  cleavage  of  which,  measured  at  one  place  in 
the  pit,  strikes  north  and  dips  23°  E.  It  shows  also  a  vertical  joint- 
ing trending  N.  35°  W.  Many  well-developed  fissures  are  present, 
striking  N.  45°  E,  and  nearly  vertical  or  dipping  steeply  to  the  north- 
west. These  are  filled  with  iron-staiped  shattered  quartz.  Such 
veins  range  in  thickness  from  a  fraction  of  an  inch  to  a  foot  or  more. 
There  is  great  irregularity  in  these  quartz  stringers,  most  of  them 
thickening  in  places  and  thinning  in  others;  also  stringers  run  out 
into  the  country  rock.  Iron-stained  fault  planes  striking  N.  18"  W. 
and  dipping  54°  E.  cut  both  the  country  rock  and  the  quarts  string- 
ers, and  along  these  there  is  little  or  no  quartz  but  considerable  iron- 
stained  gouge  material. 

The  scheelite  occurs  for  the  most  part  along  the  sides  of  quartz 
stringers  and  disseminated  in  the  mica  schist.  Locally  the  scheelite 
is  present  in  the  quartz.  It  is  reported  that  gold  occurs  in  the  iron- 
stained  schist  outside  of  the  zone  of  scheelite  mineralization,  but 
no  gold  is  reported  to  have  been  found  in  the  scheelite-bearing  rock. 
Besides  scheelite,  however,  arsenopyrite,  pyrite,  and  galena  are 
found  in  the  form  of  later  veinlets  definitely  cutting  the  quartz. 

It  is  said  by  the  owners  that  the  belt  of  scheelite  mineralization 
is  about  50  feet  wide  and  has  so  far  been  traced  about  500  feet  in 
each  direction  from  the  open  cuL  The  trend  of  this  zwie  appears  to 
be  that  of  the  iron-stained  quartz  veins  and  stringers — ^that  is,  about 
N.  45°  E.  The  northwest  side  of  the  lode  is  reported  to  carry  more 
scheelite  than  the  other  side.  Two  shafts — one  32  feet  deep,  north- 
east of  the  open  cut,  and  the  other  28  feet  deep,  southwest  of  the  cut — 
have  been  driven  to  ascertain  the  value  of  the  ore  along  the  lode.  It 
is  said  that  these  shafts  show  a  higher  content  of  scheelite  in  depth 
than  at  the  surface. 

LOST  BIVBB. 

The  Lost  Kiver  tin  mine,  on  Cassiterite  Creek,  a  tributary  of  Lost 
River,  in  the  York  district,  is  a  potential  source  of  tungsten.  Wolf- 
ramite, an  iron-manganese  tungstate,  is  an  essential  constituent  of  the 
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lode  and  may  perhaps  be  present  in  an  amount  as  great  as  50  per 
cent  of  the  cassiterite.  When  eventually  this  lode  is  worked  the 
wolframite  should  constitute  a  valuable  part  of  the  product 

lUSCELLAITEaua  LOCAUTTES. 

Several  o'her  small  tungsten  lodes  in  Seward  Peninsula  have  been 
worked  by  placer-mining  methods.  These  include  the  lode  on  Twin 
Mountain  Creek,  the  Lynx  claim,  on  the  north  side  of  Glacier  Creek, 
and  another  small  lode  on  the  divide  between  Glacier  and  Sock 
creeks. 

ANTIMONY. 

SIJSCOVICH. 

No  work  was  in  progress  at  the  Sliscovich  mine  at  the  time  of 
the  writer's  visit,  but  the  mine  was  entered  and  an  examination  made 
of  the  antimony  ore  in  place.  At  the  end  of  the  main  adit,  about 
300  feet  from  the  tunnel  entry,  an  inclined  shaft  has  been  sunk  on 
the  vein,  which  has  a  general  northeast  strike  and  dips  45°  NW.  At 
about  the  25-foot  level  in  this  incline  a  drift  has  been  driven  to  the 
southwest,  and  from  this  drift  the  antimony  ore  was  apparently 
taken.  Below  this  point  a  good  deal  of  caving  has  occurred  in  the 
incline. 

At  the  25- foot  level  the  quartz  vein  strikes  N.  45°  E.  and  dips  48" 
NW.  The  attitude  of  the  country  rock,  which  is  schist,  is  nearly 
horizontal,  a  measurement  at  one  place  on  the  cleavage  giving  a 
strike  of  N.  55°  E.  and  a  dip  of  5"  NW,  The  quartz  vein  is  3  feet 
thick  in  this  drift  and  has  a  smooth,  slickensided  hanging  wall  and 
gouge  along  the  footwall.  The  antimony  ore  (stibnite)  occurs  as 
lenses  in  the  quartz,  which  is  much  shattered  and  iron  stained. 
Plainly  the  quartz  vein  has  been  reopened  and  the  stibnite  deposited 
in  the  shattered  vein.  On  the  25-foot  level  the  body  of  stibnite  is  1 
foot  thick  and  contains  much  glassy  quartz,  which  accounts  for  the 
low  percentage  of  stibnite  reported  from  the  last  shipment  of  ore. 

HED  ft  STR&Jn). 

The  Hed  &  Strand  mine  is  near  the  head  of  Lost  Creek,  a  tributary 
of  Stewart  Eiver,  at  an  elevation  of  about  1,250  feet.  The  present 
developments  consist  of  a  tunnel  driven  southeast  250  feet  into  the 
hillside,  a  drift  for  100  feet  to  the  northeast  and  140  feet  to  the 
southwest  at  90  feet  from  the  entry,  and  another  drift  170  feet  to 
the  northeast,  at  190  feet  from  the  entry.  The  tunnel  intersects  the 
vein  90  feet  from  the  entry.  At  this  point  the  vein  is  about  4  feet 
thick  and  consists  of  white  quartz  and  stibnite.  The  antimony  oc- 
curs as  a  body  2  feet  thick  along  the  footwall.    The  vein  strikes 
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N.  45°  E.  and  dips  48°  NW.  but  is  irregular,  thickening  and  thinning, 
and  is  offset  slightly  by  numerous  slips.  At  the  end  of  the  north- 
east drift,  which  starts  90  feet  from  the  entry,  the  vein  consists  of 
two  thin  seams  of  stibnite  with  about  2  feet  of  crushed  schist  and 
gouge  lying  between  them. 

From  the  first  drift  southeast  in  the  main  tunnel  some  intereeting 
structural  data  may  be  obtained.  The  strike  of  the  schist  country 
rock  is  N.  15°  W.  and  the  dip  15°  E.  Numerous  faults  cut  across 
the  tunnel,  striking  in  a  general  northeasterly  direction  and  dipping 
as  a  rule  conformably  with  the  antimony  vein — that  is,  northwest. 
Several  measurements  on  these  faults  were  as  follows :  Strike  N.  50° 
E.,  dip  58°  NW.;  strike  N.  45°  E.,  dip  75°  NW.;  several  striking 
about  N.  45°  E.,  with  varying  degrees  of  dip  to  the  northwest;  one 
striking  northeast  and  dipping  steeply  southeast.  One  of  these 
faults,  striking  N.  45°  E.  and  dipping  75°  NW.,  which  shows  in  the 
main  tunnel  190  feet  from  the  entry,  cuts  through  and  displaces  a 
vein  of  white  quartz,  that  stands  vertical  and  strikes  N.  52°  W.  The 
quartz  is  offset  2  feet  along  the  tunnel  wall.  In  general  these  fault 
planes  are  merely  iron  stained  and  slickenstded,  but  here  and  there 
one  carries  a  thin  seam  of  clear  granular  quartz. 

Most  of  the  stibnite  is  of  high  grade,  but  "ore  of  lower  grade,  con- 
sisting of  stibnite,  pyrite,  and  vitreous  quartz,  also  occurs  in  the 
deposit'"  The  vitreous  quartz  resembles  the  quartz  which  occurs 
sparingly  along  the  fault  planes,  as  above  described.  No  gold  is 
reported  from  the  stibnite  in  the  mine,  but  a  little  gold  is  present  in 
the  quartz  and  schist  in  the  vein  and  along  the  walls. 

Shipments  of  antimony  ore  were  made  from  the  Hed  &  Strand 
mine  in  August  and  October,  1915,  and  in  June,  1916.  In  all,  106 
tons  of  ore  has  been  mined  and  shipped.  Of  the  last  shipment,  con- 
sisting of  71  tons,  only  19  tons  has  yet  been  sold. 

At  the  forks  of  the  creek,  upstream'  from  the  mine,  the  stibnite 
crops  out  in  a  vein  about  1  foot  thick,  with  a  footwall  of  the  white, 
opaque  quartz.  At  another  locality  in  the  creek  near  by  the  stibnite 
lies  in  two  narrow  stringers,  separated  by  about  2  feet  of  similar 
white  quartz.  This  quartz  is  said  to  assay  as  high  as  $6  a  ton,  and 
gold  to  the  value  of  $2  a  ton  is  said  to  he  present  in  the  stibnite  at 
this  point. 

A  body  of  granitic  rock,  considerably  metamorphosed,  crops  out 
on  the  ridge  at  the  head  of  Lost  Creek,  and  this  also  is  reported  to 
show  on  assay  a  low  content  of  gold. 

CHBIST0PHO3EN. 

The  Christophosen  property  is  at  an  elevation  of  1,500  feet  on 

Waterfall  Creek,  a  tributary  of  Last  Chance  Creek,  in  the  Snake 

I  Btoolu,  A.  H.,  Antimony  depoilta  of  Aluka ;  C.  8.  GeoL  Sum;  Boll.  «4a.  p.  66,  191& 
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Kiver  drainage  basin.  The  property  consists  of  four  claims,  known 
as  the  Bunker  Hill,  Monitor,  Mabel,  and  Isabel. 

The  principal  development  work  consists  of  two  tunnels  and  a 
number  of  open  cuts.  The  upx>er  tunnel  is  105  feet  long  and  the 
lower  one  270  feet  long.  The  tunnels  are  said  to  intersect  a  stock- 
work  of  iron-stained  schist  and  quartz  in  which  the  stibnite  occurs 
as  lenticular  masses.  None  of  the  antimony  stringers  are  over  12 
inches  in  thickness. 

In  the  open  cuts  it  is  apparent  that  a  shear  zone,  striking  about 
N.  20°  E.,  runs  through  the  property.  The  attitude  of  the  faults 
is  about  vertical.  This  zone  is  about  100  feet  thick  and  is  heavily 
iron  stained  and  mineralized  by  pyrite,  pyrrhotite,  stibnite,  and  gold. 
In  one  of  the  open  cuts  a  vein  of  massive  white  quartz  from  1  to  3 
feet  thick  is  intersected  and  offset  by  the  shear  zone.  The  quartz 
is  mineralized  by  sulphides,  including  stibnite.  This  vein  is  con- 
formable with  the  cleavage  of  the  schist  country  rock,  which  strikes 
N.  60"  E.  and  dips  57°  NW.  It  is  confidently  believed  by  the  writer 
that  this  body  of  white,  opaque  quartz,  like  numerous  others  de- 
scribed in  this  paper,  had  no  direct  connection  with  the  mineraliza- 
tion, being  present  long  before  the  mineralization  took  place. 

About  2i  tons  of  high-grade  stibnite  has  been  mined  at  this 
property  and  sold.  This  stibnite  assays  over  58  per  cent  antimony 
and  carries  also  some  gold  and  silver.  Assays  of  the  crushed  schist 
and  quartz  in  the  shear  zone  also  show  a  little  gold. 

aiULT  EAOLE. 

The  Gray  Eagle  antimony  claim  is  in  the  Solomon  district,  on  the 
north  side  of  Big  Hurrah  Creek,  three-fourths  of  a  mile  upstream 
from  the  railroad  and  about  200  feet  from  the  creek.  The  country 
rock  is  schist.  Mining  has  been  done  on  a  stringer  of  stibnite  about 
18  inches  wide  that  follows  the  right-hand  bench  and  dips  steeply 
south.  Little  or  no  quartz  is  present  with  the  antimony  ore.  The 
stibnite  is  of  very  high  grade,  assaying  63.7  per  cent  of  antimony. 
It  contains  no  lead  or  zinc  and  only  a  trace  of  arsenic. 

Four  tons  of  antimony  has  been  mined  from  this  property,  of 
which  3  tons  was  mined  and  shipped  in  the  fall  of  1915.  One  ton 
mined  in  the  spring  of  1916  has  not  yet  been  shipped  from  Nome. 

f  ETEBSON   &   T.A1WITB.Tl!ATnr 

At  an  elevation  of  550  feet  on  the  west  side  of  Anvil  Creek  south- 
west of  Quartz  Gulch  there  is  a  caved  shaft  with  iron-stained  schist 
on  the  dump.  About  1,500  pounds  of  stibnite  is  said  to  have  been 
mined  from  this  shaft  by  Peterson  &  Lamoreaux,  but  this  ore  was 
never  shipped,  owing  to  the  subsequent  drop  in  the  price  of  antimony. 
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WIUBTEAD. 

The  Widstead  tiumd,  on  the  northwest  side  of  Anvil  Creek  about 
opposite  the  mouth  of  Specimen  Gulch,  is  referred  to  on  page  430. 
Throe  tons  of  stibnite  is  said  to  have  been  mined  from  this  tunnel. 

jsjacsLLnrEom  locaijtibs. 

Brooks*  has  noted  a  number  of  reported  occurrences  of  stibnite  on 
Seward  Peninsula,  as  follows: 

1.  East  of  Nome  River,  on  the  divide  between  Mineral  and  Osborn 
creeks.  This  is  probably  what  is  known  as  the  Nelson  property,  at 
the  head  of  Bonita  Creek,  a  tributary  of  Osborn  Creek.  A  shaft  15 
feet  deep  has  been  sunk  on  this  property.  The  stibnite  is  said  to  be 
exceptionally  pure  and  is  reported  further  to  carry  abnormally  large 
quantities  of  gold. 

2.  The  California  quartz  lode  on  Goldbottom  Creek.  Beference  is 
made  to  this  lode  on  page  426. 

3.  On  Last  Chance  Creek.  This  is  assumed  by  the  writer  to  be 
the  Cbristophosen  property  (p.  438). 

4.  In  the  quartz  veins  in  the  Solomon- Casadepaga  region. 

5.  At  the  head  of  Tin  Creek,  in  the  York  district 

6.  On  the  west  side  of  Brooks  Mountain,  in  the  York  district. 

7.  In  the  Omalik  mine,  a  silver-lead  mine  in  the  upper  basin  of 
Fish  River,  in  the  Council  district. 

To  these  may  be  added  the  occurrence  of  stibr.ite  in  the  Boulder 
lode,  on  Boulder  Creek,  described  on  page  427. 

COPPER. 


The  Ward  property  is  about  3J  miles  north  of  west  of  Kougarok 
Mountain,  in  the  Kougarok  district  The  eight  claims  that  constitute 
this  property  lie  between  Bismark  and  Star  creeks,  tributaries  of 
Quartz  Creek,  which  is  the  head  of  the  South  Fork  of  Serpentine 
River. 

The  development  work  consists  of  a  number  of  open  cuts  and  shal- 
low shafts.  From  a  description  of  the  property  given  by  the  owners 
it  appears  that  the  lode  is  an  impregnated  zone  lying  along  or  near  a 
limestone-schist  contact.  The  schistosity  of  the  rocks  is  said  to  strike 
N.  30°  W.  and  dip  northeast.  The  width  of  the  ore  body  is  not 
apparent  from  the  present  workings. 

The  commercial  ore  consists  of  malachite  and  azurite  in  about  equal 
amounts.    A  little  chalcopyrite  is  also  reported.    Quartz  is  the  main 

<  Brooks,  A.  H.,  AntlmoDj  depoalta  of  AlASlu :  V,  B.  QvA.  Snrvey  Ball.  640,  pp.  C7-es, 
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gangue  mineral,  but  calcite  and  blue  fluorite  occur  as  float  in  the 
vicinity. 

The  following  table,  published  with  the  permission  of  the  owner, 
gives  all  available  information  concerning  the  copper  shipmente  made 
from  this  property  to  date: 

Copper  ore  shipped  from  Ward  property,  1906-1918. 


v». 

«QilHlt)r. 

as 

Value. 

1906 

14 

18,  «7 

3DL34 

«  200.00 

1,400.00 

..m... 

The  Wheeler  copper  claims  are  at  the  head  of  several  small  tribu- 
taries of  Iron  Creek  on  the  west  side,  below  the  mouth  of  Canyon 
Creek.  The  principal  development  work  to  date  consists  of  a  tunnel 
60  feet  long  and  a  shaft  80  feet  deep.  Outcrops  on  the  hill  southwest 
of  the  claims  show  about  9  feet  of  quartz  stained  with  malachite  and 
several  stringers  of  malachite.  Ore  taken  from  the  shaft  shows  both 
chalcopyrite  and  bornite  in  small  quantities,  with  a  surficial  oxidation 
of  malachite.  The  strike  of  the  zone  of  mineralization  is  said  to  be 
about  northeast.  The  shaft  is  now  filled  with  water,  and  the  tunnel 
is  frozen.  It  is  reported  that  several  tons  of  ore  has  been  shipped 
from  this  property. 

ntOK  CBEEK-EBirzaAKXPA  BZVEB  DIVIDE. 

Other  copper  mineralization  along  the  divide  between  Iron  Creek 
and  Kruzgamepa  River  has  been  described  by  Smith*  as  follows: 

Between  Iron  Creek  and  the  broad  flat  drained  by  tributaries  of  the  Kru»- 
gamepa  and  ot  the  Niuklub  there  is  a  ridge  ot  heavy  white  limestone  underlain 
by  chlorltic  and  feidspathic  schists.  From  the  scattered  evidence  collected  In  a 
hurried  examination  It  appears  that  the  limestone  is  very  considerably  folded, 
but  ttiat  the  major  structure  Is  nearly  Bat.  The  limestone  would  appear  to  be 
a  continuation  ot  the  limestone  already  described  as  forming  the  western  margin 
of  the  Solomon  and  Cuatdepaga  quadrangles.  In  tbose  areas  the  contact  with 
the  nnderlying  Bchist  seems  to  have  been  a  zone  of  mineralization.  In  general 
the  mineralization  is  sparsely  disseminated,  but  In  places  there  are  stringers  of 
ore  which  tempt  prospecting. 

The  greatest  amount  of  prospecting -for  copper  in  thia  contact  aone  has  been 
at  tl»e  headwaters  of  Sherrette  Crcelc,  a  trlbatary  of  the  Kruzgamepa.  At  one 
place  about  4  miles  east  of  the  mouth  of  Iron  Creek  an  Inclined  shaft  has  been 
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sunk  on  a  mlDeralized  zone  5  feet  In  width.  The  footwall  la  a  Bllvery-gray 
chlorittc  schist  destitute  of  feidspars.  The  hanging  wall  is  ill  defined,  and  the 
width  of  the  ore  would  have  to  be  drawn  on  a  commercial  basis.  The  footwaU 
la  so  poorly  exposed  that  its  character  maj  be  due  to  alterations  effected  by  the 
mineralizing  solutions,  but  It  is  believed  that  it  Is  not  a  schist  derived  from  an 
Igneous  rook. 

The  ore  so  far  disclosed  consists  chiefly  of  malachite,  but  there  are  also  some 
copper  sulphides,  mainly  chalcopyrlte,  with  only  a  subordinate  amount  of 
bornlte.  The  stringers  are  very  narrow,  and  no  commercial  ore  has  yet  been 
discovered.  AU  over  the  hill,  however,  may  be  found  fragments  showing  copper 
stains.  This  has  given  rise  to  the  popular  belief  that  the  belt  of  mineralization 
Is  very  wide.  If,  however,  the  interpretation  that  the  ore  occurs  near  the  schlst- 
Ilmestone  contact  Is  correct  and  if  this  contact  forms  a  more  or  leas  flat  sui^ 
face,  with  local  wrinklings  here  and  there.  It  seems  more  likely  that  the  vrldth 
of  the  mineralized  area  Is  not  very  great  and  therefore  that  the  chance  of  find- 
ing valuable  lodes  Is  not  promising  except  in  those  places  where  the  mineraliza- 
tion. Instead  of  being  disseminated  over  a  large  area,  has  been  more  restricted. 

All  the  float  or  ledges  on  the  higher  ground  north  of  Iron  Creek  which  show 
copper  carbonate  stains  carry  that  mineral  in  the  form  of  malachite.  Lower 
down  the  slopes,  near  the  upper  branches  of  Left  Fork,  a  tributary  of  Iron 
Creek,  there  is  a  copper  lead  where  malachite  Is  almost  wanting  and  where  the 
copper  carbonate  occurs  In  the  form  of  azurlte.  The  reason  for  this  difference  In 
character  Is  not  known.  At  this  place  only  a  small  amount  of  exploration  bas 
been  done,  and  the  ore  so  far  developed  la  not  found  In  commercial  QuantltieB. 


Five  lode  claims  about  8  or  4  miles  southeast  of  Kougarok  Moun- 
tain, in  the  Kougarok  district,  are  owned  and  have  been  prospected  by 
William  Worcester,  Little  is  known  of  this  property,  but  it  was  re- 
ported to  the  vi'riter  that  the  copper  ore  is  malachite  and  azurite. 
Lead  ore  in  tlie  form  of  galena  is  said  also  to  be  present. 

UISCKLLAJTEOUS  LOCAIiITIES. 

Copper  ore  is  reported  by  Mr.  G.  Christophosen  to  be  present  on 
the  mountain  at  the  head  of  Waterfall  Creek,  in  the  vicinity  of  the 
Christophosen  antimony  claims.  The  ore  is  said  to  be  chalcopyrite, 
with  azurite  and  malachite.    Galena  is  also  reported. 

On  Twin  Mountain,  at  the  head  of  Twin  Mountain  Creek,  copper 
has  been  discovered  and  the  area  staked  as  the  Kuby  and  Golconda 
claims.  A  tunnel  has  been  driven  to  prospect  this  deposit  but  was 
inaccessible  at  the  time  of  the  writer's  visit.  The  deposit  appears  to 
be  localized  in  a  shattered  quartz  vein.  The  copper  minerals  are 
chiefly  malachite  and  azurltc,  but  chalcopyrite  is  also  reported  to  be 


Four  other  copper  prospects  on  Seward  Peninsula  have  been  de- 
scribed by  Smith.'    These  were  located  as  follows : 

1.  On  the  ridge  between  Copper  and  Dickens  creeks,  at  the  head 
of  Nome  River. 

■  Smith,  p.  8.,  op.  cIL,  pp.  24J,  244. 
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2.  In  the  upper  basin  of  Kojuk  BiTer. 
8.  On  Dexter  Creek. 

4,  On  Mount  Dixon  and  in  the  Moonlight  Creek  divide,  in  the 
Solomon  district. 

TIN. 

L0S3?  RIVEB. 

The  Irfwt  River  tin  mine,  comprising  the  Cassiterite  and  Ida  Bell 
lodes,  is  located  on  Cassiterite  Creek,  a  tributary  of  Lost  River,  in 
the  York  district  Prospecting  and  development  work  have  been  in 
progress  on  this  property  for  a  number  of  years.  Knopfs  and  Eakin' 
have  visited  this  mine  and  have  described  the  lode  system  and  the 
character  of  the  mineralization  in  some  detail. 

An  option  on  the  property  was  assumed  in  1916  by  W.  W.  John- 
son and  associates,  who  further  prospected  and  developed  the  mine 
during  the  summer.  A  50-ton  ball  mill,  together  with  jigs,  concen- 
trators, etc.,  was  shipped  to  Teller  for  use  in  making  test  runs  on  the 
tin  ore,  to  determine  the  average  tin  content. 

MISCELLANEOUS  LOCALZTIEa 

Another  tin  lode,  farther  downstream  on  Lost  River,  is  known  as 
the  O'Brien  lode.  The  lode  is  said  to  be  in  a  rhyolitic  dike  in  lime- 
stone.   Development  work  was  being  done  on  it  in  1916. 

The  Empire  Tin  Mining  Co.  has  33  (?)  claims  on  Cape  Mountain, 
about  2i  miles  from  Tin  City.  The  writer  was  informed  that  the 
lode  here  consists  of  an  ore  shoot  about  18  feet  wide,  more  or  less 
parallel  to  a  limestone-granite  contact.  A  mill  at  Tin  City  with  three 
stamps,  operated  by  gasoline  engines,  is  not  in  use.  No  recent  devel- 
opment work  has  been  done  on  this  property. 

The  Percy  lode,  farther  up  on  Cape  Mountain,  is  owned  by  Ludlow 
Botts.  It  is  understood  that  this  lode  is  in  or  near  a  small  rhyolitic 
dike,  which  invades  the  limestone  country  rock.  The  property  is  be- 
ing developed  by  open  cuts,  but  most  of  the  recent  work  has  been 
in  the  nature  of  assesanent  work. 

The  property  of  the  United  States  Tin  Mining  Co.  is  likewise  on 
Cape  Mountain.  This  company  owns  a  10-stamp  mill  at  Tin  City, 
equipped  with  card  tables  and  driven  by  gasoline  engines.  The  mill 
is  not  in  operation.    A  tunnel,  driven  in  granite,  is  now  closed. 

Denny  Bros,  own  a  number  of  tin  claims  on  Potato  Mountain. 
The  lode  is  said  to  be  connected  with  several  rhyolitic  dikes  that 
cut  a  body  of  calcareous  slate.  The  development  work  consists  prin- 
cipally of  a  tunnel  and  a  shaft,  the  former  opened  recently. 

'  Knopt.  Adolpb,  Qeolc^y  of  tbe  Seward  PeDlosula  tia  deposits :  V,  S,  Geol.  Scrvay 
Bull.  3S8,  pp.  48~eo,  laos. 
•BlaklD.  H.  U..  Tin  mlolDK  In  Alaska:  U.  8.  Qeol.  Snrver  Bull.  622,  pp.  64-88,  IBIB. 
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KONABCH  aBOUP. 

The  Monarch  group  of  fifteen  patented  and  three  unpatented 
claims  lies  on  the  divide  between  Sinuk  River  and  Washington  Creek, 
at  the  head  of  a  small  tributary  of  Sinuk  Kiver  known  as  Iron  Creek. 
This  and  four  other  groups  of  iron  claims  near  by  have  been  de- 
scribed by  Eakin,'  and  little  development  work  has  been  accom- 
plished since  the  time  of  his  visit  in  1914.  The  writer  examined 
with  considerable  care  the  outcrops  and  development  work  on  the 
Monarch  claims  and,  bo  far  as  concerns  their  economic  possibilities, 
has  little  to  odd  to  the  generalizations  and  recommendations  made 
by  Eakin. 

The  country  rock  is  limestone,  which  has  been  brecciated  and  re- 
placed by  limonlte.  Hematite  is  present  only  as  a  subordinate  con- 
stituent. A  specimen  of  the  ore  taken  from  a  trench  at  the  head  of 
Iron  Creek  shows  on  a  polished  surface  massive  limestone  with  nu- 
merous angular  inclusions  of  iron-stained  limestone,  residual  frag- 
ments of  the  shattered  country  rock.  Pyrolusite,  in  places  inter- 
grown  with  calcite,  is  present  in  veinleta  that  cut  the  limonite  and 
the  replaced  limestone.  These  relations  and  the  probable  genesis  of 
'  this  iron  deposit  will  be  discussed  more  fully  in  a  later  paper  on  the 
iron  resources  of  Alaska.  For  this  report  it  is  sufficient  to  say  that 
the  iron  ore  now  exposed  on  the  ridge  and  in  Iron  Creek  is  a  residual 
concentration,  a  surficial  enrichment  of  an  underlying  lode.  The 
iron  content  of  this  lode  at  depth  can  not  be  judged  from  the  surface 
indications;  in  fact,  it  is  entirely  possible  that  this  deposit  is  only  a 
surface  capping,  or  "  iron  hat,"  covering  some  other  metalliferous  de- 
posit. The  occurrence  of  galena  and  sphalerite  with  limonite  in  the 
Galena  group  near  by,  the  presence  of  similar  limonitic  material  in 
considerable  amount  in  a  silver-lead  lode  in  the  Imnachuk  basin,  and 
the  constant  association  of  limonitic  material  and  other  iron  minerals 
with  most  of  the  gold  lodes  on  the  peninsula  might  be  cited  as  evi- 
dence of  this  possibility. 

The  best  showing  of  iron  ore  is  in  a  saddle  on  the  ridge  at  the  head 
of  Iron  Creek,  at  what  is  designated  by  Eakin  the  "  oast  gap,"  in  con- 
tradistinction to  the  "  west  gap,"  a  similar  saddle  a  short  distance  to 
the  southwest.  At  this  locality  two  shallow  trenches  aggregating 
350  or  400  feet  in  length  have  exposed  a  continuous  body  of  iron 
ore,  chiefly  limonite  with  a  small  amount  of  hematite.  This  limonitic 
ore  is  botryoidal  in  character  but  inclined  to  be  porous,  with  fair- 
sized  open  spaces.    It  is  considered  by  the  owners  of  the  property  to 

iBaUn,  B.  H.,  Iron-ore  depoalu  n««r  Kome:  U.  8.  Oeol.  Surve;  Bull.  63S,  p.  361,  1916. 
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be  the  best  iron  ore  on  the  property.  An  analysis  of  this  ore'  shows 
the  contrail  of  iron  and  manganese  to  be  respectively  54.81  and  1.08 
per  cent.  Phosphorus  is  low,  being  only  0,057  per  cent;  sulphur  is 
present  only  as  a  trace ;  and  titanium  is  entirely  absent. 

Limonite  was  seen  in  a  number  of  other  trenches,  pits,  and  open 
cuts  examined  by  the  writer  on  the  different  claims,  but  this  surficial 
development  work  does  not  afford  a  basis  for  any  estimate  of  the 
amount  of  iron  ore  available  for  mining.  It  seems  to  the  writer  that 
an  accurate  estimate  could  be  made  only  after  blocldng  out  the  ore 
by  a  comprehensive  system  of  drilling.  At  all  events,  scienti&c  pros- 
pecting of  this  lode,  to  gain  a  knowledge  of  its  character  in  depth, 
should  be  a  necessary  preliminary  step  to  any  extensive  preparations 
for  mining. 

OAXBKA  GBOITF. 

The  Galena  group,  consisting  of  nine  claims,  is  about  3  miles 
southwest  of  the  Monarch  group  on  the  divide  between  Sinuk  Biver 
and  WashingtOTi  Creek.  These  claims,  though  prospected  chiefly 
for  their  iron  content,  have  also  surface  indications  of  both  lead  and 
zinc,  in  the  form  of  galena  and  sphalerite. 

It  appears  that  the  ore  bearing  solutions  have  followed  in  large 
measure  one  or  more  of  a  system  of  joint  planes  in  the  country  rock. 
On  the  Sunrise  claim,  one  of  this  group,  the  country  rock  is  crystal- 
line limestone,  the  cleavage  of  which  strikes  east  and  dips  25°  S. 
This  limestone  is  cut  by  a  number  of  joint  planes,  the  more  prominent 
of  which  had  the  following  strikes  and  dips :  N,  40°  E.,  65°  NW. ; 
N.  80°  E.,  70"  N. ;  N.  15°  W.,  90°.  Disseminated  galena  in  a  quartz 
gangue  occurs  along  the  vertical  joint  plaoe.  This  ore  is  said  to  show 
considerable  values  in  gold. 

An  open  cut  on  the  Oso  claim  shows  disseminated  sphalerite,  with 
a  little  pyrite,  in  the  crystalline  limestone.  The  extent  of  the  zinc 
mineralization  is  not  known.  In  a  pit  at  another  locality  on  the  Oso 
claim  the  same  Eastern  of  jointing  as  above  described  was  exposed, 
and  vein  quartz,  with  some  iron-stained  vein  material,  occurs  along 
a  joint  plane  striking  N.  10"  W.  and  dipping  75°  N,  Lilac-colored 
fluorite  was  also  seen  in  this  pit,  hut  its  exact  relation  to  the  mineral- 
ization could  not  be  determined. 

On  the  Fox  and  the  Williams  claims  disseminated  galena  ac- 
companied by  quartz  was  observed  in  limestone  and  calcareous 
schist. 

Considerable  botryoidal  limonite  was  seen  on  the  dump  at  a  pros- 
pect on  the  Kentucky  claim. 

'  Btkln,  H.  M.,  Iron-oro  rteiioalla  near  Nome :  V.  S.  Geol.  Survey  Bull.  0.22.  pp.  :t(n-.185, 

laio. 
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OTHEB  CLAIHS. 

The  Mogul,  American,  and  Cub  Bear  are  the  three  other  groups 
of  iron  claims  in  the  Sinuk  district.  No  recent  work  has  been  done 
on  these  claims,  and  they  were  not  examined  by  the  writer.  Limoni- 
tic  iron  ore  is  also  reported  from  Tub  Mountain,  on  the  ridge  between 
Bulby  Creek  and  Sinuk  River. 

SIIiTER-LEAD. 

Six  silver-lead  lodes  have  been  reported  on  Seward  Peninsula, 
but  ntme  of  these  have  been  .visited  by  the  writer.  These  are  as 
follows : 

1,  The  Omalik  mine,  in  the  eastern  part  of  the  upper  basin  of 
Fish  Eiver,  in  the  Council  district,  has  been  described  by  Menden- 
hall  *  and  Smith.*    The  mine  is  now  idle. 

2.  A  silver-lead  lode  on  Fish  River,  about  5  or  6  miles  above  the 
mouth  of  Kiukluk  River,  in  the  Council  district,  is  said  to  have  been 
worked  sporadically  for  several  years.  Some  silver-lead  ore  is  re- 
ported to  have  been  mined  in  1915.  Cinnabar  is  also  present  at  this 
property,  and  it  is  reported  that  a  number  of  flasks  of  mercury  have 
been  produced  annually  for  several  years  past. 

S.  A  silver-lead  lode  in  the  Inmachuk  basin,  in  the  Fairhaven  dis- 
trict, was  being  prospected  in  1916.  A  specimen  of  this  ore,  in  pos- 
session of  the  writer,  shows  galena  (said  to  be  silver  bearing),  to- 
gether with  limonite,  magnetite,  and  a  little  pyrite. 

4.  A  silver-lead  lode  owned  by  G.  Christophosen  is  on  the  north 
side  of  Last  Chance  Creek,  a  tributary  of  Snake  River,  about  half  a 
mile  above  the  mouth  of  Waterfall  Creek.  The  prospect  consists  of 
two  lode  claims.  A  tunnel  70  feet  long  baa  been  driven  to  prospect 
the  lode.  The  ore  body  is  said  to  be  4  feet  thick  and  consists  of 
galena,  with  some  pyrite,  in  a  gangue  of  quartz.  The  lead  ore  car- 
ries gold  and  silver.    Stibnite  is  also  reported  to  be  present 

5.  A  galena  prospect  on  Kruzgamepa  River,  near  the  mouth  of 
Iron  Creek,  has  been  described  by  Smith.* 

6.  A  number  of  silver-lead  deposits  on  Brooks  Mountain,  in  the 
York  district,  have  been  described  by  Knopf.* 

>  HendeDhaU,  W.  C.,  A  reconnalssBDce  of  the  Norton  Bny  regloD,  Alaika,  pp.  218.^14, 
V.  a.  Qeol.  Surrey  Spec.  Pub.,   leOl. 

*  Smltb.  P.  S,.  A  geologic  reconDalsBance  In  southeaatprn  Beward  realnaiila  and  tbe 
Norton  Bay-Nnlato  region.  Alaska ;  U.  S.  QeoL  Sarve;  Ball.  449,  pp.  1S0-I3S,  IBll. 

■  SmIUi.  P-  S..  InTMtlgatlon  of  tbe  mineral  depoalta  of  Seward  PenlDBala ;  V.  8.  Geol. 
Barvp;  Bull.  S4S.  pp.  24S-24T.  1B08. 

'  Knopf,  Adolpb,  The  mlaerBl  depodtB  of  the  Lost  RlTer  and  Brooks  Monntaln  region, 
B«irard  PmUdbiiIi,  Alaika :  V.  S.  Qeol.  Sarre;  Boll.  840,  pp.  269-271,  1608. 
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A  zinc  prospect  consisting  of  two  claims  owned  by  G.  Christo- 
phoeen  is  on  the  ridge  between  Penny  Kiver  and  the  bead  of  Oregon 
Creek,  at  an  elevation  of  1,600  feet  The  prospect  lies  N.  64°  E. 
from  the  mouth  of  Nugget  Creek. 

The  ore  occurs  in  a  small  saddle  on  die  ridge,  in  a  narrow  band 
of  limestone  country  rock.  A  short  distance  away,  on  both  sides  of 
the  saddle,  tbe  country  rock  is  schist,  and  this  rapid  alternation 
of  limestone  and  schist  is  a  characteristic  geologic  feature  in  this 
vicinity.  The  strike  of  the  country  rock  is  N.  30"  E,,  and  the  dip 
about  30"  SW.  There  appears  to  be  no  well-defined  vein,  but  in- 
stead an  iron-stained  zone  of  mineralization,  which  trends  approxi- 
mately S.  8°  E.  The  lode  was  located  originally  by  float  in  the 
valley  of  Penny  River.  Development  work  consists  mainly  of  a 
caved  shallow  shaft. 

The  ore  is  sphalerite,  with  a  little  pyrite,  in  a  quartz  gangue.  Two 
kinds  of  quartz  are  present — the  white,  opaque  variety  and  the  clear, 
vitreous  quartz.  The  latter  appears  to  be  either  contemporaneous 
with  the  ore  deposition  or  at  least  closely  connected  with  it  geneti- 
cally. The  ore  is  said  to  carry  also  some  gold. 
KILLSON. 

On  Steep  Creek,  a  tributary  of  Goldbottom  Creek,  at  an  eleva- 
tion of  about  1,050  feet,  is  the  Xelson  prospect  tunnel,  driven  55  feet 
N.  55°  E.  into  the  hill  on  the  east  side  of  the  creek.  The  country 
rock  is  limestone  striking  N.  15°  W.  and  dipping  18°  W.  A  well- 
developed  vertical  joint  plane  strikes  in  same  direction  as  the  tunnel. 
The  tunnel  was  full  of  water  at  the  rear,  and  no  one  was  seen  on  the 
property. 

About  20  feet  above  the  tunnel  a  small  lead-zinc  stringer  was  ob- 
served in  the  limestone.  A  little  pyrite  is  also  present  with  the 
galena  and  sphalerite. 

Sphalerite  is  also  reported  in  association  with  metalliferous  lodes 
in  other  parts  of  Seward  Peninsula. 

BISMUTH. 

The  following  extract  from  a  report  by  MofBt'  gives  the  only 
information  so  far  collected  concerning  the  bismuth  lodes  on  Seward 
Peninsula : 

It  haa  been  known  for  &  nnmber  of  years  that  bismuth  ia  present  on  Charley 
Creek,  a  tributary  to  Slnuk  River  from  the  south.    It  was  flmt  found  In  the 
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sluice  boxes  at  the  lower  end  ot  tbe  creek,  and  later  the  float  whs  dlscoTered 
farther  up  and  traced  to  its  source.  On  the  east  branch  of  Charley  Creek, 
at  a  point  about  1,000  feet  from  the  forks  aod  at  au  elevatlou  of  BSO  feet 
above  sea  level,  two  parallel  quartz  v^ns  appear  near  the  stream  bed  and  have 
been  found  to  carry  the  bismuth.  These  two  veins  are  about  12  Inches  and  8 
Indies  Id  thidcness  and  are  separated  by  16  to  18  Inches  of  schlsL  They  occur 
In  strike  Joints  dipping  50°  to  60"  and  may  be  traced  on  the  surface  for  only 
a  short  distance  because  of  the  covering  of  loose  slide  ntdi.  At  one  place 
th^  are  offset  about  S  to  10  inches  by  a  small  fault  The  proportions  of  ^ 
bismuth  seen  In  the  veins  Is  small,  but  some  bouUlers  found  la  tbe  stream  below 
show  a  larger  amount.  Up  to  the  present  time  little  has  been  done  toward 
prospecting  the  veins. 

A  number  of  bismuth  claims  on  Charley  Creek  are  now  held  by 
Hombui-ger  &  Shoemaker,  but  no  recent  development  work  has  been 
done  on  them. 

GRAPHITE. 

Graphite  deposits  on  Seward  Peninsula  have  been  known  for  a 
number  of  years  and  have  been  described  and  discussed  by  Moffit,^ 
as  follows: 

Graphite  Is  abundant  In  some  of  the  black  echist  beds  belon^og  to  the 
Nome  and  Elf^ualk  groups  and  gives  them  their  characteristic  color  but  is 
not  known  In  a  form  to  make  it  of  economic  Importance  within  the  Nome 
and  Qrand  Central  quadrangles.  Just  north  of  the  Grand  Central  area,  how- 
ever, In  the  headwater  areas  of  Grand  Central  River  and  Windy  Creek,  espe- 
cially in  the  vicinity  of  the  divide  between  these  two  streams,  are  graphite 
deposits  of  considerable  size.  Their  occurrence,  as  well  as  that  of  graphite 
on  the  Dorth  side  of  the  Klglualk  Range  west  of  Cobblestone  Elver,  has  been 
known  for  a  long  time,  but  only  recently  have  they  received  especial  attention 
from  prospectors. 

A  sharp  ridge  made  up  of  biotlte  schist  striking  east  and  west  and  intruded 
by  dikes  and  sills  of  coarse  granitic  rock  or  pegmatite  rises  on  the  south  from 
the  saddle  between  the  Grand  Central  and  Windy  Creek.  Some  of  the  schist 
Is  highly  graphitic,  the  graphite  appearing  as  abundant  small  scales  on  the 
cleavage  surface  and  much  of  it  not  being  distinguishable  on  casual  exami- 
nation from  flakes  of  blotite.  Locally  graphite  la  segregated  in  beds  or  much 
flattened  lenticular  masses  that  conform  in  direction  with  the  schist  cleavage 
and  reach  thicknesses  of  6.  8.  or  even  18  Inches.  These  beds  include  thin  layers 
of  schist  containing  numerous  large  garnets  and  much  quartz.  The  raw 
graphite  found  at  this  place  Is  heavier  than  the  higher  grades  of  graphite, 
owing  to  its  included  quartz. 

The  sills  and  dikes  of  pegmatite  cutting  the  schist  also  contain  grapUte, 
which  Is  associated  with  them  in  such  a  way  as  to  suggest  a  close  relation- 
ship betwees  tbe  intruslves  and  the  graphite.  Graphite  appears  to  be  an  origi- 
nal mineral  in  the  pegmatite  as  well  as  to  be  associated  with  It  in  the  schist. 
At  one  plafe  about  6  Inches  of  solid  graphite  Is  included  between  a  pegmatite 
sill  and  the  overlying  schist.  The  steep  slopes  of  the  mountain  are  strewn 
with  graphite  fragments,  which,  owing  to  the  dct  that  they  are  much  lighter 
In  weight  than  either  tbe  schist  or  the  pegmatite,  appear  more  abundantly 
on  the  surface,  esreclully  Id  gullies  where  water  has  brought  about  a  roui;b 

'  Moot,  F.  n..  op.  cit,  isB-isa 
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sorting.  One  block,  with  dinienBlons  of  approximately  7  feet.  6  feet,  snd  30 
Inches,  consists  of  about  equal  thicknesses  of  schist  and  apparently  almost 
pure  graphite. 

The  graphite-bearing  schist  extends  eastward  beyond  the  east  fork  of  Grand 
Central  River  and  westward  across  Windy  Greek  and  the  head  of  Gobble- 
stone  River  to  the  region  south  of  Iniuruk  Basin,  In  which  the  graphite  Is  even 
more  extensively  ileveloped  than  in  the  locality  described  and  from  which  a 
number  of  commercial  shipments  have  been  made. 

Two  mining  companies  are  now  interested  in  the  graphite  deposits 
on  the  north  side  of  the  Kigluaik  Range,  west  of  Cobblestone  River. 
The  property  of  one  of  these,  known  as  the  Uncle  Sam  Alaska  Min- 
ing Syndicate,  is  on  Graphite  Bay,  an  arm  of  Imuruk  Basin,  about  2 
miles  south  of  tidewater  and  3  miles  west  of  Cobblestone  Siver. 
That  of  the  other,  known  as  the  Alaska  Graphite  Mining  Co.,  is  be- 
tween the  Uncle  Sam  Alaska  Mining  Syndicate's  claims  and  Cobble- 
stone River. 

According  to  information  given  to  the  writer  by  Mr.  G.  Chris- 
tophosen,  of  Nome,  the  country  south  of  Imuruk  Basin  in  the  vicinity 
of  the  graphite  claims  is  a  moss-covered  gravel  plain,  barren  of 
timber  and  sloping  gently  upward  with  a  grade  which  increases  from 
6  per  cent  near  Imuruk  Basin  to  10  per  cent  or  more  near  the  foot- 
hills. The  graphite  claims  adjoin  the  foothills  and  are  cut  by 
numerous  streams,  which  have  exposed  the  graphite  beds  to  view. 

The  graphite  occurs  in  seams  from  1  inch  to  18  inches  thick.  All 
the  deposits  contain  bunches  and  veinlets  of  quartz,  but  the  graphite 
is  said  to  be  readily  separable  from  these  and  is  easily  hand  sorted. 
The  graphite  is  claimed  to  be  of  good  commercial  character.  A  200- 
pound  sample  from  the  claims  of  the  Uncle  Sam  Alaska  MinJPg  Syn- 
dicate is  said  to  have  contained  60  per  cent  of  graphite,  12.5  per  cent 
of  which  is  high-grade  graphite  flake  comparable  with  the  best 
commercial  flake. 

Shipments  of  180  tons  of  graphite  were  made  by  the  Uncle  Sara 
Alaska  Mining  Syndicate  in  1912,  and  300  tons  is  now  ready  for 
shipment.  The  Alaska  Graphite  Mining  Ca  in  1916  employed  seven 
men  and  mined  100  tons  of  graphite. 
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PLACER  AUNING  ON  SEWARD  PENINSULA. 


By  J.  B.  Mebtib,  Jr. 


INTRODUCTION. 

Placer  mining  on  Seward  Peninsula  was  favored  in  1916  by  an 
abundance  of  rainfall,  which  was  rather  evenly  distributed  through- 
out the  summer  and  was  never  torrential.  As  a  result,  an  adequate 
supply  of  water  was  available  for  mining  operations,  yet  there  was 
little  or  no  damage  done  to  the  ditches  through  flooding. 

Gold  and  tin  were  recovered,  as  in  previous  years,  chiefly  by 
placer-mining  meUiods.  In  addition  to  these,  however,  two  other 
metals,  tungsten  and  platinum,  were  brought  to  light  in  1916  as  po- 
tential resources  of  the  peninsula.  One  large  scheelite  lode  and  a 
number  of  smaller  ones  were  located  and  worked,  and  scheelite  was 
recovered  elsewhere  in  placer  operations.  Placer  platinum  was  found 
at  two  localities. 

GOLD. 

The  placer  gold  on  Seward  Peninsula  is  recovered  by  dredging, 
by  underground  mining,  and  by  open-cut  work,  including  hydrau- 
licking.  It  is  estimated  that  in  1916  83  per  cent  of  the  gold  was 
won  by  dredges,  18  per  cent  by  underground  mining,  and  the  remain- 
ing 49  per  cent  by  open-cut  work. 


A  total  of  27  gold  dredges  were  operating  during  the  season  of 
1916,  as  compared  with  31  operated  in  1915.  Seven  of  these  were  in 
the  Kome  district,  nine  in  the  Council  district,  five  in  the  Solomon 
district,  and  two  each  in  the  Kougarok,  Fairhaven,  and  Port  Clarence 
districts.  Several  other  dredges  were  either  temporarily  idle  or  in 
process  of  moving  and  reconstruction.  Among  ^ese  were  the  two 
gold  dredges  of  the  American  Gold  Dredging  Co.  on  Anikovik 
River,  which  were  to  be  moved  to  Swanson  Creek,  in  the  Agiapuk 
Eiver  basin,  a  short  distance  southeast  of  Mukacharni  Mountain. 
The  Johnson  dredge,  which  had  previously  operated  on  Kugruk 
Eiver,  was  to  be  moved  during  the  winter  of  1916-17  to  Candle  Creek, 
in  the  Keewalik  basin.  Ground  was  being  prospected  for  dredging 
at  four  other  localities  on  the  peninsula.    The  following  list  gives 
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by  districts  the  operating  dredges  and  thp  localities  where  the  work 
was  being  carried  on : 

Dredge*  operated  on  Seward  PetUntula,  1918. 


Arctic  Gold  Dredging  Co Hobson  Creek. 

Arctic  Placer  Mining  &  MIIHdk<''<> .Bangor  Creek. 

Center  Creek  Dredgtng  Co Center  Greek. 

Ki'Dst  Aliiska  Dredge  Co Nome  Beacli. 

Qulnan  &  Ames Glacier  Creek. 

HastlDga  Creek  DreUging<U> Bantings  Creek. 

Julien  Dredging  Ci) --Osbon.  Creek. 


Adams  &  Edtn Gooxe  Creek. 

Bine  Goose  Mining  Co OptUr  Greek. 

Flume  Dredge  Co— Crooked  Greek. 

Flume  Dredge  Co Meising  Creek. 

Northern  Light  Mining  Co C^hir  Greek. 

Oro  Dredging  Co Elkhom  Greek. 

Uplift  Mining  Co Camp  Creek. 

Warm  Creek  Dredge  Co Warm  Greek. 

Wild  Goose  Mining  &  Trading  Co Ophlr  Creek. 

SOLOUON    DISTRICT. 

Dredge  (formerly  Reward  Dredeing  Co.) Solomon  niver. 

Klmbail  dredge Solomon  River. 

Klmbail  dredge Solomon  River. 

Newburg  &  Flower Solomon  River. 

Uoody  Mining  Co Canyon  Creek. 

KOUOABOK    DISTBICT. 

Behring  Dredging  Co Kongarok  River, 

Kelllher  dredge Kougarok  River. 

FAtBHAVI':?J  DtSTBICT. 

Candle  Creek  Mining  Co Candle  Greek. 

DeerlDg  Dredging  &  Mining  Co Inmachuk  River. 

POBT   CLABENCE   DISTRICT.  • 

Estabrook  dredge Windy  Creek. 

Welch  &  Doren Bndd  Greek. 

Most  of  the  dredges  now  being  operated  are  using  distillate  for 
fuel.  The  generation  and  delivery  of  power  to  the  dredges  from  one 
or  more  hydroelectric  plants,  a  project  which  has  been  under  con- 
sideration for  some  years,  was  given  new  impetus  in  1916  by  two 
companies.  The  Wild  Goose  Mining  &  Trading  Co.  installed  and 
made  ready  for  operation  in  1917  a  hydroelectric  pUnt  on  Ophir 
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Creek,  in  the  Council  district  A  ditch  with  intakes  at  the  heads  of 
Ophir  Creek  and  Casadepaga  River  will  deliver  2,500  inches  of  water 
at  claim  No.  15  above  Discovery  on  Ophir  Creek,  with  a  fall  at  that 
point  of  approximaiely  30  feet  The  power  thus  generated  will  be 
utilized  to  run  two  dredges. 

Another  company  has  under  consideration  a  dam  and  power  site 
in  the  Kigluaik  Mountains  on  Pass  Creek,  a  tributary  of  Kniz- 
gamepa  River.  During  the  summer  of  1916  a  corps  of  civil  and 
mining  engineers  were  at  work  at  that  locality  making  preliminary 
surveys  and  studying  other  details  of  the  project.  It  is  reported 
that  ihia  work  will  be  continued  in  1917.  Detailed  measurements  of 
stream  flow,  extending  over  a  number  of  years,  are  the  prime  essen- 
tial for  determining  the  feasibility  of  such  a  project,  for  the  success 
of  the  undertaking  seems  to  depend  in  large  measure  on  the  amount 
of  water  available  at  different  times  in  the  year.  The  transmission 
of  power  and  the  demand  for  it  are  likewise  important  details  for 
consideration- 
It  is  estimated  that  the  27  gold  dredges  on  Seward  Peninsula  in 
1916  employed  430  men  and  handled  about  1,870,000  cubic  yards  of 
gravel,  yielding  gold  to  the  value  of  $985,000,  compared  with  the 
handling  of  3,000,000  cubic  yards  of  gravel,  yielding  $1,050,000,  by 
31  dredges  in  1915. 

Dredge  operations  on  Seward  renjnswla  in  JOIG. 
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The  average  value  per  cubic  yard  of  the  gravel  handled  by  the 
dredges  for  the  whole  peninsula  is  about  55  cents.  From  the  above 
table  it  will  be  seen  that  the  value  of  the  gravel  in  the  Nome  district 
approaches  the  average  value,  while  the  gravel  mined  in  the  Council 
district  is  above  the  average  and  that  of  the  Solomon  district  is 
below  the  average.  From  data  at  hand  it  is  known  that  the  Fair- 
haven  gravel  is  near  the  normal  value,  the  Kougarok  considerably 
exceeds  it,  and  the  Port  Clarence  falls  below  it  to  a  corresponding 
degree. 

mn}EiLaitoi7in>  luHiHa. 

Approximately  77  deep  placer  mines  were  worked  on  Seward 
Peninsula  during  the  last  year,  most  of  them  in  the  Nome  district 
It  is  estimated  that  50  mines  were  worked  during  the  winter  and 
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about  48  during  the  summer,  emplofing  in  all  about  400  men.  The 
following  list  shows  the  distribution  of  the  mines  bo  far  as  they 
are  known; 


<n  Seward  Petdtuula,  1916. 

Fslrhaven  district : 

Cnndle  Creek  and  vlclnltr 8 

Inraachuk  River 2 

JoBepli    Creek 1 

9 

Solomoa  district : 

Solomon  BWer 1 

Eo3>uk  district : 

Dime  Greek 8 


Deep  placer  mine*  uxirked 

Nome  district : 

Dexter  Creek  and  Hill 12 

Ceut^  Creek 12 

Third  bencli  line 15 

Second  beach  line 4 

Submarine  beach 2 

Present  beach 1 

Dry  Creek 8 

Irene  Creek 2 

Sle«lge  Creek 2 

Manila  Creek 2 

Cooper  Gnlch 1 

Specimen  Gulch 1 

AnTtl  Creek 1 

Wonder  Creek 1 


One  feature  of  the  underground  mining  worthy  of  particular 
mention  is  the  development  of  a  new  placer  camp  on  Dime  Creek, 
a  tributary  of  Koyuk  River.  Brooks'  has  described  the  location 
of  this  camp  and  has  given  some  details  regarding  the  extent  of 
the  pay  streak  and  the  earlier  mining  operations. 

The  distributing  point  for  this  camp  is  the  town  of  Haycock,  on 
the  north  bank  of  Koyuk  River,  about  3  miles  above  the  mouth  of 
Dime  Creek.  Most  of  the  supplies  and  mining  outfits  have  so  far 
been  brought  in  by  way  of  Golovin,  on  the  east  side  of  Golofnin  Bay. 

The  pay  etreak  is  2  miles  or  more  in  length,  and  the  auriferous 
gravel  lies  in  a  deep  bench  channel.  All  the  mining  so  far  has  been 
done  by  drifting.  The  gold  on  Dime  Creek  is  of  remarkably  high 
grade.  One  assay  shows  a  fineness  of  957  parts  gold  and  38  parts 
silver,  which  gives  a  value  of  $19,80  an  ounce.  Another  assay  is 
known  to  have  shown  a  value  of  $19.77  an  otmce,  and  a  third  a 
value  of  $19.84.  With  the  exception  of  some  of  the  Koyukuk  gold, 
this  is  probably  the  highest  grade  gold  found  so  far  in  Alaska. 
Dime  Creek  is  also  of  interest  on  account  of  the  occurrence  of 
placer  platinum  with  the  gold. 

It  is  estimated  that  the  deep  mines  of  Seward  Peninsula  produced 
during  1916  gold  with  a  total  value  of  about  $528,000,  of  wUch  more 
than  $100,000  was  taken  from  the  deep  mines  on  Dime  Creek  dur- 
ing the  winter.  In  all,  about  1S7,000  cubic  yards  of  gravel  was 
handled, 

'Brooki,  A.  H.,  Tbe  Alaika  mlnlns  todnatry  Id  lOlD ;  11.  B.  Oeol.  Borrer  Boll.  642, 
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In  B,1I  62  open-cut  mines,  at  11  of  which  the  hydraulic  giant  was 
oaed,  were  operated  during  the  summer  of  ldl6  on  bench,  creek, 
and  beach  gravels.  The  distribution  of  these  mines,  so  far  aa 
known,  is  as  follows: 


Open-eut  tninet 

Nome  district : 

Nome   Bead) 

Anvil  Gre^ 

Deiter  Creek 

HcDougall  Creek 

Buster  Creek 

Twin  Mountain  Creek 

Coffee  Creek 

Hazel   Gnlch 

Moss  Gulch 

Oregon  Creek 

Glacier  Creek  

Wonder  Creek 

Rock  Creek 

Grass   Gulch 

Bangor  Creek 

Derby  Creek 

WUlow  Creek 

Osborne  Creek 


Solomon  district: 

Casadepaga  River.. 
HoonUght  Creek 


on  Seieard  Peninsula,  1916. 


Big  Hurrah  Creek.. 


Council  district 1 

Eoagarok  district; 

Macklin  Greek 3 

Dick  Creek 1 

Eougarok  River 2 

Harris  Creek 1 

Miscellaneous  8 

10 

Fftlrhavea  district: 

Candle  Creek S 

Bear  Creek 2 

Inmachuk  River 1 


Besides  these,  hydraulic  elevators  were  at  work  at  the  following 
localities:  Little  Creek,  5;  Boulder  Creek,  1;  Inmachuk  Kiver,  2; 
Ophir  Creek,  2. 

It  is  estimated  that  the  open-cut  placer  mines  handled  723,000 
cubic  yards  of  gravel,  producing  gold  to  the  value  of  $1,437,000. 
About  half  of  this  output,  or  about  25  per  cent  of  the  total  gold 
output  of  Seward  Peninsula,  was  recovered  by  the  hydraulic  ele- 
vators. This  is  due  in  large  measure  to  the  remarkable  richness  of 
the  placers  on  Little  Creek.  About  400  men  were  employed  in  the 
open-cut  mines. 

PBODUCTIOH. 

In  all,  about  150  gold  placer  mines  and  27  gold  dredges  were 
operated  on  Seward  Peninsula  in  1916.  About  1,230  men  were  at 
work  at  these  plants.    The  pnyluction  of  gold  for  the  year  is  esti- 
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mated  to  be  $2,950,000,  practically  all  of  which  was  taken  from  the 
placers. 

Clold  and  gilrcr  produced  on  ficirard  Peninsula,  1897-1316. 
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TIN. 

Two  tin  dredges,  belonging  to  the  America.n  Tin  Dredging  Co. 
and  the  York  Tin  Dredging  Co.,  were  operated  in  the  York  district 
in  1916.  The  former  was  working  upstream  on  Buck  Creek,  and 
the  latter  was  at  the  mouth  of  Buck  Creek,  working  downstream  into 
Grouse  Creek.  Both  dredges  worked  all  summer  and  are  reported 
to  have  had  a  successful  season. 

TUNGSTEN. 

The  presence  of  scheelite  (calcium  tungstate)  on  Seward  Peninsula 
has  been  known  to  the  Geological  Survey  for  many  years.  Moffit/ 
in  his  report  on  field  work  done  in  1905  and  1906,  referred  to  the 
presence  of  scheelite  in  the  placers  and  quartz  veins  of  Seward  Penin- 
sula as  follows: 

Tungsten  occiira  In  the  Nome  region  In  the  form  of  scheelite,  the  tunfrstate 
of  calcium.  It  is  a  heavy  white  mlnernl,  and  is  found  In  many  of  the  streams. 
Becanae  of  Its  weight  It  remains  In  the  sluice  boxes  or  pan  and  canaea  some 
trouble  In  cleaning  the  gold.  Scheetlte  Is  also  found  associated  with  quartz 
In  small  veins  in  the  schist,  bat  Its  principal  source  Is  the  gold-bearing  gravel. 

Within  the  last  two  years  the  high  price  of  tungsten  has  rendered 
the  recovery  of  scheelite  profitable  on  the  peninsula,  and  it  is  now 
possible  that  scheelite  mining  may  become  an  established  industry. 

omp  QDd  Oraad  Central  gaadraDgles,  AIbbIir  :  U.   S. 
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The  most  extensive  scheelite  mining  operations  were  carried  on 
by  the  Pioneer  Mining  Co.,  on  Sophie  Gulch,  an  eastern  tributary  of 
Rock  Creek.  On  the  south  side  of  Sophie  Gulch,  at  an  elevation  of 
about  300  feet,  a  scheelite-bearing  lode  has  been  opened,  and  the 
decayed  residual  material  was  worked  during  tlie  summer  of  1916 
by  placer- mining  methods.  This  lode  and  its  mineralization  will  be 
described  in  a  separate  publication  dealing  with  the  tungsten  re- 
sources of  Alaska.  Between  4,000  and  5,000  cubic  yards  of  the  shat- 
tered and  weathered  residual  lode  material  has  been  removed  by 
hydraulicking  and  run  off  into  a  narrow  cut  through  sluice  boxes. 
It  is  necessai^,  in  this  work,  to  clean  up  four  times  a  day,  on  account 
of  the  amount  of  quartz  and  other  rock  handled  and  on  account  of 
the  bulkiness  of  scheelite  as  compared  with  the  precious  metals.  Nat- 
urally in  such  work  a  considerable  amount  of  the  scheelite  is  lost  with 
the  tailings,  as  the  nozzle  can  break  to  pieces  only  the  material  that 
is  much  weathered  and  disintegrat«d.  To  remedy  this  loss,  the 
owners  are  contemplating  the  installation  of  a  plant  to  mill  the  lode 
material  before  sluicing.  Mining  on  the  Sophie  lode  had  been  in 
progress  for  six  weeks  at  the  time  of  the  writer's  visit,  October  7, 
and  it  is  reported  that  the  lateness  of  the  fall  enabled  the  operators 
to  continue  work  for  two  or  three  weeks  longer.  This  mine  produced 
a  lai^  part  of  the  scheelit«  mined  in  Alaska  in  1916. 

Smaller  lodes,  essentially  similar  in  character  to  the  one  above 
described,  were  worked  in  a  small  way  by  the  Pioneer  Mining  Co. 
Thus,  on  Twin  Mountain  Creek,  on  a  right-liand  bench  claim  opposite 
claim  No.  4  above  Discovery,  about  500  pounds  of  scheelite  was  said 
to  have  been  sluiced  from  a  weathered  lode.  Likewise  the  Lynx 
claim,  on  the  north  side  of  Glacier  Creek,  just  above  the  Guinan  & 
Ames  dredge,  was  worked  by  the  sama  company.  At  this  locality 
a  shaft  was  sunk  60  feet,  and  the  lode  material,  consisting  of  scheelite, 
quartz,  and  iron-stained  schist,  was  raised  to  the  surface  and  sluiced. 
It  is  reported  that  about  600  pounds  of  scheelite  was  recovered. 

Another  small  lode  of  similar  chan-cter,  on  the  Glacier-Eock 
Creek  divide,  was  prospected  by  Stipek  &  Kotovic  and  found  to  cari-y 
scheelite. 

Placer-mining  operations  for  scheelite  were  also  carried  on  by 
the  Pioneer  Mining  Co,  and  by  J.  Warren  and  partners  on  Rock 
Creek.    The  Warren  party  operated  on  claim  No.  2  above  Discovery. 

The  Guinan  &  Ames  dredge,  operating  on  Glacier  Creek,  saved 
the  scheelite  from  the  concentrates  taken  with  the  gold  in  1916,  and 
another  dredge  on  Sunset  Creek,  in  the  Port  Clarence  district,  is  re- 
ported to  be  planning  to  do  the  same.  Other  gold  placer  operators 
are  also  beginning  to  save  the  scheelite  from  their  concentrates. 
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PLATINUM. 

Placer  platinum  T^as  found  in  the  gold  placers  on  Dime  Creek,  in 
the  Koyuk  basin,  in  1916.  It  was  reported  to  the  writer  that  the 
platisum  is  present  in  the  gravels  on  Greenstone  Creek,  a  tributary 
of  Dime  Creek,  and  also  on  Dime  Creek  below  the  mouth  of  Green- 
stone Creek.  This  metal  in  commercial  amount  has  been  recovered 
by  at  least  two  operators,  and  probably  also  by  others.  An  analysis 
of  some  of  the  platinum  from  Dime  Creek,  made  in  the  chemical 
laboratory  of  the  Geological  Survey  by  B.  C.  Wells,  showed  that 
the  material  submitted  contained  71.5  per  cent  of  platinum.  The 
analysis  showed  also  11.5  per  cent  of  Ealrer,  lead,  and  gold,  which 
was  probably  due  in  large  measure  to  fine  gold  in  the  sample.  On 
recalculation  exclu^ve  of  these  elements  the  platinum  appears  to 
be  81  per  cent  fine.  The  impurities  in  the  alloy  are  iron,  iridium, 
osmium,  palladium,  and  copper,  named  in  their  order  of  relative 
abundance. 

Placer  platinum  was  also  discovered  in  1916  on  Bear  Creek,  in  the 
Fairhaven  district,  about  35  miles  in  an  air  line  north  of  Dime 
Creek.  The  details  of  this  discovery  are  not  yet  known,  but  returns 
from  the  placer  operators  show  that  at  least  one  operator  on  Bear 
Creek  has  recovered  platinum  in  the  gold  placers. 
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RECENT  SUKVEY  PUBUCATIONS  ON  ALASKA. 
[Ananged  geogr^diicaUy.    A  complete  list  can  be  had  on  application.] 

All  these  publicaticniB  can  be  obtained  or  consulted  in  the  following  -wtyn: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Siuwf,  from  wtumi  they 
can  be  obtained  tree  of  charge  (except  certain  ntape)  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  RepresentativeB  in  Congress  for 
distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Wuhington, 
D.  C,  from  whom  they  can  be  had  at  priceesli^tly  above  cost.  The  publicationa 
marked  with  an  aatariak  (*)  in  this  list  are  out  of  stock  at  the  Survey,  but  can  be 
purchoaed  from  the  Superintendent  of  Documents  at  the  prices  stated . 

4.  Copies  of  all  Government  publicatioDH  bi«  furnished  to  the  jvincipal  public 
libraries  throu^out  the  United  States,  where  they  can  be  consulted  by  those 
interested. 

The  maps  whooe  price  is  stated  are  sold  by  the  Geological  Survey  and  not  by  the 
Superintordent  of  Documents.  On  an  order  amounting  to  $6  or  more  at  the  retail 
{Mice  a  discount  of  40  per  cent  is  allowed . 


KSPOKTB. 

The  gec^raphy  and  geology  of  Alaska,  a  summary  of  existing  knowledge,  by  A.  H. 

Brooks,  with  a  section  on  climate,  by  Cleveland  Abbe,  jr.,  and  a  topc^raphic 

map  and  description  thereof,  by  R.  U.  Goode.    Professional  Paper  45,  1906,  327 

pp.    No  copies  available.    Hay  be  consulted  at  many  public  libraries. 
Placer  mining  in  Alaska  in  1904,  by  A.  H.  Brooks.    In  Bulletin  259, 1905,  pp.  18-31. 
The  mining  industry  in  1905,  by  A.  H.  Brooks.     In  Bulletin  284,  1906,  pp.  4-9. 
*The  mining  industry  in  1906,  by  A.  H.  Brooks.    In  Bulletin  314,  1907,  pp.  19-^. 

30  cents. 
*The  mining  industry  in  1907,  by  A.  H.  Brooks.    In  Bulletin  345,  1908,  pp.  30-53. 

4S  cents. 
•The  mining  industry  in  1908,  by  A.  H.  Brooks.    In  Bulletin  379,  1909,  pp.  21-62, 

60  cents. 
The  mining  industry  in  1909,  by  A.  H.  Brooks.    In  Bulletin  442,  1910,  pp.  20-46. 
The  mining  industry  in  1910,  by  A.  H.  BnrakB.    In  Bulletin  480,  1911,  pp.  21-42. 
Th«  mining  industry  in  1911,  by  A.  H.  Brooks.    In  Bulletin  520,  1912,  pp.  19-44. 

60  cents. 
The  mining  industiy  in  1912,  by  A.  H.  Brooks.    In  Bulletin  642,  1913,  pp.  18-51. 
«The  Alaskan  mining  industry  in  ISIS,  by  A.  H.  Brooks.    In  Bulletin  692,  1914, 

pp.  45-74.    60  cents. 
The  Alaskan  mining  industry  in  1914,  by  A.  H.  Brooks.    In  Bulletin  622,  1915, 

pp.  15-68. 
The  Alaskan  mining  industry  in  1916,  by  A.  H.  Brooks.    In  Bulletin  642,  1910, 

pp.  17-72. 
The  Alaskan  mining  industry  in  1916,  by  A.  H.  Brooke.    In  Bulletin  662,  1917, 

pp.  11-62. 
Railway  routes,  by  A.  H.  Bro<^.    In  Bulletin  284, 1906,  pp.  10-17. 

(I) 
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n  UUTERAI.  BESOUBCES  OP  ALASKA,  1910. 

Railway  routea  from  the  Pacific  seaboard  to  Fairbaoka,  Alaaka,  by  A.  H.  BtqoIcs. 

In  Bulletin  520, 1912,  pp.  45-68. 
■Geologic  features  of  Aloshau  metalliferoua  lodea,  by  A.  H.  Brooks.    In  Bulletin  4S0, 

1911,  pp.  43-93. 
•The  mineral  depoaita  of  Alaska,  by  A.  H.  Brooks.    In  Bulletin  592, 1914,  pp.  lS-44. 
•ThehitureofgoIdplacernuninginAlBska,  byA.  H.  Brooks.    In  Bulletin  62S,  1915, 

pp.  69-79. 
The  petroleum  fields  of  tbe  Pacific  coast  of  Alaaka,  with  an  account  of  the  BcriDg 

River  coal  deposita,  by  G.  C.  Martin.    Bulletin  250,  1905,  64  pp.    15  cents. 
Alaska  co^  and  its  uti]izatk>n,  by  A.  H.  Brooks.    Bulletin  442-J,  reprinted  I9I4. 
nte  poaaible  use  of  peat  fuel  in  Alaska,  by  C.  A.  Davis.    In  Bulletin  379,  1909, 

pp.  63-66.    60  cents. 
The  preparation  and  use  of  peat  as  a  fuel,  by  C.  A.  Davis.    In  Bulletin  442,  1910, 

pp.  101-132. 
'Methods  and  ccets  of  gravel  and  placer  mining  in  Alaska,  by  C.  W.  Puriikgton. 
Bulletin  263, 1906,  362  pp.    No  copies  available.    {Abstract  in  BuUetin  259, 1905, 
pp.  32-46.) 
"Geographic  dictionary  of  Alaska,  by  Uaicua  Baker;  secMid  edition  prepared  by 

James  McCormick.    Bulletin  299, 1906,  690  pp.    50  cents. 
Tin  mining  in  Alaska,  by  H.  M.  Eakin.    In  Bulletin  622,  1915,  pp.  81-94. 
Antimony  deposits  of  Alaska,  by  A.  H.  Brooks.    Bulletin  649, 1916,  67  pp. 
The  use  of  the  panoramic  camera  in  topographic  surveying,  by  1.  W.  Bagley.    Bul- 
letin 657, 1917,  88  pp. 
The  mineral  springs  of  Alaska,  by  G.  A.  Waring.    Water-Supply  Paper  418,  1917, 
114  pp. 

TOPoaSAPBIO  MAPB. 

Map  of  Alaska  (A);  scale  1  : 5,000,000;  1911,  by  A.  H.  Brooks.    20  cents  retail  fir 

12  cents  wholesale. 
Map  of  Alaska  (B);  scale  1  :  1,500,000;  1915,  by  A.  H.  Brooks  and  R.  H.  Saigent. 

80  cents  retail  or  48  cents  wholesale. 
Map  of  Alaska  (C);  scale  1  :  l..,O0O,O0O;  1916.    1  cent  retail  or  five  for  8  cents  whole- 
Map  of  Alaskashowing  distribution  of  mineral  deposits;  Bcalel  :5,000,000;  1909,  by 

A.  H.  Brooks.    20  cents  retail  or  12  cents  wholesale.     New  editions  included  in 

Bulletins  642  and  662. 
Index  map  of  Alaska,  including  list  of  publications;  scale  1  :  5,000,000;  by  A.  H. 

Brooks.    Free. 
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"The  Porcupine  placer  district,  Alaaka,  by  C.  W.  Wright.    Bulletin  236, 1904,  35  pp. 

15  cents. 
Economic  developments  in  southeastern  Alaska,  by  F.  E.  and  C.  W.  Wright.    In 

BuUetin  259,  1905,  pp.  47-66. 
"The  Juneau  gold  belt,  Alaska,  by  A.  C.  Spencer,  pp.  1-137,  and  A  rectmnaissancp 

of  Admiralty  Island,  Alaska,  by  C.  W.  Wright,  pp.  138-154.    Bulletin  287,  1906, 

161  pp.    76  cents. 
Lode  mining  in  sontheastem  Alaska,  by  F.  E.  and  C.  W.  Wright.    In  Bulletin  284, 

1906,  pp.  30-53. 
Nonmetallic  depadta  of  southeastern  Alaaka,  by  C-  W.  Wright.     In  Bulletin  2S4, 

1906,  pp.  64-60. 
Lode  mining  in  eoutheaatem  Alaska,  by  C.  W.  Wright.    In  Bulletin  314,  1907,  pp. 

47-72. 
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Honmetallifemaa  mineral  resourcea  of  Boutheaatem  Alaako,  by  C.  W.  Wright.    In 

BuUetin  314,  1907,  pp.  73-81. 
RecoimaiKaDce  on  the  Pacific  coaet  from  Yakutat  to  Alsek  River,  by  Eliot  Black- 
welder.    In  BuUetin  314, 1807,  pp.  82-88. 
■Lode  mining  in  southeastern  Alaska,  1907,  by  C.  W.  Wright.    In  Bulletin  346, 1908, 

pp.  78-97.    45  cents. 
*The  building  eto&ee  and  materiale  of  aoutheaatern  Alaska,  by  C.  W.  Wright.    In 

BuUetin  345,  1908,  pp.  116-126.    45  cents. 
*The  Ketchikan  and  Wr&ngeU  mining  district,  Alaska,  by  F.  E.  and  C.  W.  Wright. 

Bulletin  347,  1908,  210  pp.    60  cente. 
"The  Yakutat  Bay  region,  Alaska;  Physiography  and  glacial  gwiogy,  by  R.  S.  Tarr; 

Areal  geology,  by  R.  8.  Tarr  and  B.  S.  Butler.    Frofeeaional  Paper  64,  1909,  186 

pp.    60  centa. 
■Mining  in  eoutheastem  Alaska,  by  G.  W.  Wright.    In  BuUetin  379, 1909,  pp.  67-86. 

50  cents. 
Mining  in  southeastern  Alaska,  by  Adolph  Knopf.    In  Bulletin  442, 1910,  pp.  133-143. 
Occuirence  of  iron  oie  near  Haines,  by  Adolph  Kaapt.    In  BuUetin  442,  1910,  j^. 

144-146. 
Geology  of  the  Berners  Bay  region,  Alaska,  by  Adolph  Knopf.    BuUetin  446,  1911, 

58  pp. 
Mining  in  aoutheaetem  Alaska,  by  Adolph  Knopf.    In  Bulletin  480, 1911,  pp.  94-102. 
The  Eagle  River  r^on,  southeastern  Alaska,  by  Adolph  Knopf.    Bulletin  602, 

1912,  61  pp. 
The  Sitka  mining  district,  Alaska,  by  Adolph  Knopf.    BuUetin  504,  1912,  32  pp. 
The  earlltquakee  at  Yakutat  Bay,  Alaska,  in  September,  1899,  by  R.  S.  Tarr  and 

Lawrence  Martin,  with  a  preface  by  G.  K.  GUbert.    Frofeniraial  Paper  69,  1912, 

1361^. 
Marble  resources  of  Ketchikan  and  Wrangell  districts,  by  E.  F.  Burchard.    In  Bnll» 

tin  642,  1913,  pp.  52-77. 
Marble  resources  of  the  Juneau,  Skagway,  and  Sitka  districts,  by  E.  F.  Burchard. 

In  BuUetiu  592,  1914,  pp.  95-107. 
A  barite  deposit  near  WrangeU,  by  E.  F.  Burchard.    In  BuUetin  692,  1914,  pp. 

10M17. 
«Lode  "lining  m  the  Ketchikan  district,  by  P.  S.  Smith.    In  Bulletin  592,  1914,  pp. 

75-94.    60  cents. 
The  geology  and  ore  depoeits  of  Copper  Mountun  and  Kasaan  Peninsula,  Alaska, 

by  C.  W.  Wri^t.    Professional  Paper  87,  1915,  110  pp. 
Mining  in  the  Juneau  region,  by  H.  M.  Eakin.    In  BuUetin  622, 1915,  pp.  96-102. 
Mining  in  southeastern  Alaska,  by  Theodore  Chafnn.    In  Bulletin  642,  1916,  pp. 

73-104. 
Water-power  investigationB  in  southeastent  Alaska,  by  G.  H.  Csnfield.    In  BuUetin 

642,  1916,  pp.  109-127. 
Mining  developments  in  the  Ketchikan  and  WrangeU  districts,  by  Theodore  Chapin, 

In  Bulletin  662, 1917,  pp.  63-75. 
Lode  mining  in  the  Juneau  gold  belt,  by  U.  M .  Eakin.    In  Bulletin  662,  1917, 

pp.  71-92. 
Gold  placer  nnining  in  the  Porcupine  district,  by  n.  M.  Eakin.    In  Bulletin  662, 

1917,  pp.  93-100. 
'Water-power  Investigations  in  aoutheastern  Alaska,  by  G.  II.  Canfield.     In  Bulletin 

662,  1917,  pp.  101-154. 

Jn  preparatiOTi. 

Marble  depodts  of  southeastern  Alaska,  by  E.  F.  Burchard.    Bulletin  682. 

The  Porcupine  district,  by  H.  U.  Eakin. 

The  Juneau  district,  by  A.  C.  Spencer  and  H.  M.  Eakin. 
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•Junwi  gold  belt,  Alaska;  BCtOe,  1:260,000;  compiled.    In  "Bvilletm  287.    75  canto. 

Not  iaeued  sepoiBtely. 
Jtineui  Bpecul  (No.  5S1A);  BcaU,  1:^,600;  by  W.  J.  Fetecs.    10  cents  retul  or  6 

cents  vholesale. 
Bemere  Bay  specul  (No.  681B};  wsle,  1:62,500;  by  R,  B.  OUver.    10  cents  letul 

or  6  cento  wholesale. 
Easaan  Feninaula,  Prince  of  Wales  Island  (No.  &40A);  scale,  1:62,500;  by  D.  C. 

Withenpoon,  B.  H.  Swgent,  andJ.W.  Bagley.    10  cents  retail  or  6  coite  wholesale. 

Also  contained  in  PiofeMional  Paper  87. 
Copper  Mountain  and  vicinity,  Prince  of  Wales  Island  (No.  640B);  scale,  1:62,500; 

by  R.  H.  Salient.    10  cents  retail  or  6  cents  wholesale.    Also  contained  in  Fro- 

feenooal  Fapei  87. 
Eagle  River  r^ion  (No.  581C);  scale,  1:62,500;  by  J.  W.  Bagley,  C.  E.  Giffin,  and- 

R.  E.  Johnson.    In  Bulletin  502.    Not  issued  separately. 

In  preparation. 
Juneau  and  vididty  (No.  S81D);  scale,  1:24,000;  by  D.  0.  Withenpoon. 

OONTBOLLBB    BAT,     FBINCE     WIIXIAH    SOUND,     AND    OOFPEB    BITNB- 

BEOIONS. 


"Geology  and  mineral  resources  of  Controller  Bay  r^ion,  Alaska,  by  G.  C.  Uartiq. 

Bulletin  336, 1908, 141  pp.    70  cente. 
"Notes  on  copper  prospects  of  Prince  William  Sound,  by  F.  H.  HoAt.    In  Bulletin 

346, 1908,  pp.  176-17S.    45  cents. 
Mineral  resources  of  the  Kotsina'Chitina  region,  by  F.  H.  Uoffit  and  A.  G.  Uaddren. 

BuUetin  374, 1909, 103  pp. 
■Copper  mining  and  prospecting  on  Prince  William  Sound,  by  U.  8.  Grant  and  D.  F-. 

Hi^ins,  jr.    In  Bulletin  379, 1909,  pp.  7S-96.    60  cents. 
•Gold  on  Prince  William  Sound,  by  U.  3.  Gntnt.     In  Bulletin  379,  J909,  p.  97,,^ 

cents. 
Mining  in  the  Eotsina-Chkina,  Chistochina,  and  Valdez  Creek  re^ons,  by  F.  H. 

Moffit.    In  Bulletin  379, 1909,  pp.  153-180. 
Mineral  resourcee^of  the  NabeHn&-While  Rivo:  district,  by  P.  H.  Moffit  and  Adolph 

Knopf;  with  a  section  on  the  Quaternary,  by  S.  R.  Gappa.    Bulletin  417,  1910, 

64  pp. 
Mining  in  the  Caiitina  district,  by  F.  H.  Moffit.    In  Bulletin  442, 1910,  pp.  158-163. 
Minii^  and  prospecting  on  Prince  William  Bound  in  1909,  by  IT.  B.  Grant.    In  Bnl- 

leUn  442,  IBIO,  pp.  16^^165. 
BecoDnaiaance  of  the  geology  and  mineral  resources  of  Prince  William  Sound, 

Alaska,  by  U.  S.  GnntandD.  F.  Higgins.     Bulletin  443,  1910,  SO  pp. 
Otology  and  mineral  resources  of  the  Nidna  district,  AIoAa,  by  F.  H.  Moffit  and 

S.  R.  Capps.    Bulletin 448, 1911,  111  pp. 
Headwater  regions  of  Gulfcana  and  Susitna  rivers,  Alaska,  with  accounts  of  the  Valdes 

Creek  and  Chistochina  placer  districts,  by  F.  H.  Moffit.  Bulletin  498, 1912,  82  pp. 
•The  Chitina  district,  by  F.  H.  Mtffit.  In  Bulletin  520, 1912,  pp.  105-107.  SO  cents. 
Coastal  glaciers  of  Prince  William  Sound  and  Eenai  Peninsula,  Alaska,  by  17.  S. 

Grant  and  D.  F.  H^jins.    Bulletin  526, 1913,  75  pp. 
The  McKinley  Lake  district,  by  Theodore  Chapin.    In  Bulletin  542,  1913,  pp. 

78-80. 
Mining  in  Chitina  Valley,  by  F.  H.  Moffit.    In  Bulletin  642, 1913,  pp.  81-86. 


..Google 
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&Gnei^  deponta  of  the  Ellfunv  dutrict,  \>y  8.  R.  C>ppe  ftnd  B.  h.  Jt^msoD.    In  Bul- 
letin 642,  iei3,  pp.  8C-124. 
like  minenl  depoeita  of  the  Yalntagft  region,  by  A.  G.  Haddien.    In  Bnlleliii 

592, 1014,  pp.  11»-I54. 
The  Pert  Wells  gold-lode  district,  b;  B.  L.  IiduiBon.    In  Bulletin  592,  19U,  pp. 

195-236. 
Uining  on  Priiic«  ^mtiam  Sound,  by  B.  L.  JohnsDn.    In  Bulletin  592,  1914,  pp. 

237-244. 
Geology  of  the  Hvutgita-Bremner  r^ion,  byF.  H.  Moffit.    Bulletin  676, 1916, 66  pp. 
The  geology  and  minenl  reeources  of  Eenai  Peninaolft,  by  G.  C.  Hardn,  B.  L. 

Johnson,  and  U.  S.  Giant.    Bulletin  6S7, 1915,  243  pp. 
Mineral  depomta  of  the  Kotaina-Kuskulana  district,  with  notee  on  "''"t"g  in  ChitiiM 

Vklley,  by  F.  H.  Hoffit.    In  Bullettn  622, 1916,  pp.  103-117. 
Auriferous  gnvels  of  the  NelchinsrSusitnft  region,  by  Theodwe  Ch^in.    In  Bulletin 

622, 1915,  pp.  118-130. 
Mining  on  Prince  William  Sound,  by  B.  L.  Johneon.    In  BuUetin  622, 1915,  pp. 

131-139. 
file  gold  and  copper  deposita  of  the  Port  Valdes  disbict,  by  B.  L.  Johnson.    In  Bul- 
letin 622,  1915,  pp.  14a-lSS. 
The  BUamAT  district,  by  S.  R.  Cappe  and  6.  L.  Johneon.    Bulletin  606,  125  pp. 
A  watai-power  reconnaissance  in  south-centoal  Alubi,  by  C.  £.  Ellsworth  and 

R.  W.  Davenport.    Water-Supply  Paper  372, 173  pp. 
Minenl  resourcm  of  the  tipper  Ghitina  Valley,  by  F.  H.  Moffit.    In  Bulletin  642, 

1916,  pp.  129-136. 
Mining  on  Prince  William  Sound,  by  B.  L.  Johnson.    In  Bulletin  642,  1916,  pp. 

137-145. 
Mining  in  the  lower  Copper  River  basin,  by  F.  H.  Moffit    In  Bulletin  662, 1917,  pp. 

155-182. 
Mining  on  Prince  William  Bonnd,  by  B.  L.  Jdineon.    In  Bulletin  662,  1917,  pp. 

183-192. 
Coppra  deposits  of  the  Latouche  and   Knight  Island  districts,    Prince  William 

Sonnd,  by  B.  L.  Johnson.     In  Bulletin  662,  1917,  pp.  193-220. 

The  Nelchina-Susitna  region,  by  Theodore  Chapin.    Bulletin  668. 
The  upper  Chitina  Valley,  by  F.  H.  Hoffit.    Bulletin  675. 

In  preparation. 
The  EntainA-Euskulana  district,  by  F.  H.  Moffit. 
The  Valdez  district,  by  B.  L.  Jtdmson. 

TOPOaAAFSIO  MlPI. 

GantralCopperRiverregionjreconniuBBance map;  scale,  1:260,000;  byT.  G.  Gerdine 
In  *Profesional  Paper  41.     60  centa.     Not  issued  separately. 

Headwater  regions  of  Copper,  Nabeena,  and  Chisana  riven;  reconnaissance  map; 
Bode,  1;250,000;  by  D.  C.  Witherspoon,  T.  G.  Gerdine,  and  W.  3.  Peters.  In 
'Professional  Paper  41.    50  cents.    Not  inued  sepftrately. 

Controller  Bay  region  (No.  601A);  scale,  1:62,500;  by  E.  G.  Hamilton  and  W.  R.  Hill. 
S5  cents  retail  or  21  cents  wholesale.    Also  published  in  "Bulletin  335.    70  cents. 

Cbitina  quadrangle  {No.  601) ;  reconnainwaoce  map;  scale,  1: 250,000;  by  T.  G.  Gerdine, 
a.  C.  Witheispoon,  and  others.  50  cents  retail  or  30  cents  wholesale.  Also  pub- 
lished in  Bulletin  576. 

Nizina^strict(No.60lB);scale,l:e2,5D0jbyD.G.Wither^K>onandR.U.LaFoUette. 
In  Bulletin  448.    Not  issued  sepentaly. 

Headwater  i^on  of  Gulkana  and  Susitna  rivers;  scale,  1:250,000;  by  B.  C.  Wither- 
spoon, J.  W.  Bagley,  and  G.  E.  Giffin.    In  Bulletin  498.    Not  issued  separately. 


VI  HIKEBAl.  BEBOUfiOES  OF  ALASKA,  1016. 

Prince  William  Sound;  scale,  1:500,000;  compiled.    In  BuUetin  528.    Not  inned 

PortV8ldeEdirtrict{No.602B);  scale,  1:62,500;  by  J.  W.Bagloy.    20  conta  reUil  or  12 

ceata  wboleeale. 
The  Bering  River  cool  fields;  acole,  1:62,500;  by  0.  G.  Mmrtin.    25  cents  retail  or  15 

cents  wholeaols. 
TheEIUmardistrictfNo.  602D);  scale,  1:62,500;  by  R.  H.  Sargent  and  0.  S.  Giffin. 

Published  in  Bulletin  605.    Not  issued  separately. 
In  preparation. 
The  Kotsina-KuBkulana  district  (No.  601G);  scale,  1:62,500;  by  T>.  C.  Witherspoon. 
Neldiiaa^uaiUia  region;  scale,  1:250,000;  by  J.  W.  Bagley,  T.  0.  Gerdine,  and  others. 

COOK  IHL£T   AND  SUSITNA   BBOtON. 


*Ge<dogic  Tecotmaissance  in  the  Mataniuka  and  T^keetna  basins,  Alaska,  by  Sidney 

Paige  and  Adolph  Knopf.    Bulletin  327,  1907,  71  pp. 
The  Mount  McKinley  region,  Alaska,  by  A.  H.  Brooks,  with  deecriptions  of  the 

igneous  rocka  and  of  the  Bownifield  and  Kantishna  districts,  by  L.  U.  Prindla. 

ProfMsiona]  F^>er70, 1911,  234  pp. 
A  geologic  reconnaissance  of  the  Iltanma  r^on,  Alaska,  by  G.  G.  Uaitiii  and  F.  J. 

Katz.    Bulletin  485,  1912,  138  pp. 
Geology  and  coal  fields  of  the  lower  Matannska  VaUey,  Alaska,  by  G.  C.  Kartia  and 

F.  J.  Katz.    Bulletin  600,  1912,  98  pp. 
The  Yentna  district,  Alaska,  by  S.  R.  Oapps.    Bulletin  534,  1913,  76  pp. 
Gold  lodes  and  placers  of  the  Willow  Creek  district,  by  S.  R.  Cappa.    In  Bulletin  592, 

1914,  pp.  245-272. 
Mineral  resourcee  of  the  upper  Matanuska  and  Nelchina  valleys,  by  G.  G.  Martin 

and  J.  B.  Mertie,  jr.    In  Bulletin  592, 1914,  pp.  273-^00. 
Mining  in  the  Vddei  Greek  placm  district,  by  P.  H.  Hoffit.    In  Bulletin  692,  1914, 

pp.  307-308. 
The  geology  and  mineral  reaourcea  of  Kenai  Peninsula,  Ahuba,  by  G.  G.  Martin, 

B.  L.  Johnson,  and  U.  S.  Grant.    Bulletin  587,  1915,  243  pp. 
The  WiUow  Greek  district,  by  S.  R.  Gapps.    Bulletin  607, 1B15.  86  pp. 
The  Broad  Pass  i^on,  by  F.  H.  Moffit  and  J.  E.  Pogue.    fiuUetin  608,  1915,  80  pp. 
The  Tumagain-Knik  region,  by  S.  R.  Gapps.    In  Bulletin  642,  1918,  pp.  147-194. 
Gold  mining  in  the  Willow  Creek  district,  by  8.  R.  G^>pB.    In  Bulletin  642,  1916, 

pp.  195-200. 

The  Nelchina-Susitna  r^on,  by  Theodore  Ghapin.    Bulletin  668. 


The  geology  of  upper  Matanuaka  basin,  by  O.  G.  Martin. 
TOPOOXAf  mo  MAPS. 

Kenai  Peninsula,  southern  portion;  scale,  1:500,000;  compiled.    In  Bnlletiii  526. 

Not  issued  separately, 
Matanuaka  and  Talkeetna  region,  reconnaissance  map;  scale,  1:260,000;  by  T.  G. 

Gerdine  and  R.  H.  Sargent.    Xn  "Bulletin  327.    25  cents.    Not  issued  separately. 
Lower  Matanuaka  Valley  (Q02A};  scale,  1:62,500;  by  R.  H.  Sargent.    In  Bi^etin  500. 

Not  issued  sepatstely. 
Yentna  district,  reconnaissance  map;  scale,  1:250,000;  by  R.  W.  Porter.    Revised 

edition.    In  Bulletin  534.    Not  issued  separately. 
Mount  McEinley  region,  reconnaissance  map;  scale,  1:626,000;  by  D.  L.  Reabum. 

In  Professional  Paper  70.    Not  issued  separately. 
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Eenai  Peninaula,  reconnaieBaiice  map;  settle,   1:250,000;  by  R.   H.  Soigent,  J.  W. 

fiagley,  and  others.    Id  Bulletin  5S7.    Not  issued  sepaistely. 
Moose  Pubs  and  vicdjiity  (602G);  Bcale,  1:62,500;  by  J.  W.  B^ley.    In  Bulletin  687. 

Not  issued  separately. 
The  Willow  CKek  diBtrict;  sc&le,  1:62,500;  by  C.  E.  Giffin.    In  Bulletin  607.    Not - 

iemed  separately. 
The  Broad  Pass  re^on;  B(»le,  1:250,000;  by  J.  W.  Ba^ey.    In  Bulletin  608.    Not 

issued  separately. 

In  preparation.  t 

The  MatanuakA  Valley;  scale,  1:250,000;  by  R.  H.  Sargent  and  T.  G.  Gerdioe. 
Nelchina-Snoitna  region;  scale,  1:250,000;  by  J.  W.  Bagley. 

SOUTHWESTERN   ALASKA. 


*A  reconnaiasance  in  aouthwestem  Alaska,  by  J.  £.  Spurr.     In  Twentieth  Annual 

Report,  pt.  7.  1900,  pp.  31-264.     $1.80. 
Gold  mine  on  Unalaaka  Island,  by  A.  J.  Collier.    In  Bulletin  259, 1905,  pp.  102-103. 
Geology  and  mineral  lesourcw  ot  parts  of  Alaska  Peninsula,  by  W.  W.  Atwood .    Bnl- 

letin  467,  1911, 137  pp. 
A  geologic  reconnaissance  of  the  Iliamna  r^on,  Alaaka,  by  G.  0.  Martin  and  F.  J. 

Katz.    Bulletin  485, 1912,  138  pp. 
Mineral  deposita  of  Eodiak  and  the  neighboring  islands,  by  G.  <J.  Uartin.    In  Bal~ 

letin  542,  1913,  pp.  125-136. 

Ijike  Clark-Central  Euakokwim  region,  by  P.  S.  Snuth.     Bulletin  655. 
TOPOOBAPHIO  HAPS. 

Herendeen  Bay  and  Unga  Island  region,  reconnaissance  map;  scale,  1:250,000;  by 

H.  M.  Eakin.    In  Bulletia  467.    Not  issued  separately. 
Chignik  Bay  r^on,  reconnaissance  map;  scale,  1:250,000;  by  H.  It.  Eakin.    In 

Bulletin  467.    Not  issued  separately. 
Iliamna  legion,  reconnaissance  map;  scale,  1:250,000;  by  D.  C.  Witberspoon  and 

C.  E.  Giffin.    In  Bulletin  485.    Not  issued  separately. 
"Euakokwim  River  and  Bristol  Bay  region;  scale,  1:625,000;  by  W.  S.  Port.    In 

Twentieth  Annual  Report,  pt.  7.    $1.80.    Not  issued  separately. 

In  preparalion. 
Lake  Clark-Central  Euakokwim  region;  scale,  1:250,000;  by  R.  II.  Sargent. 

TUKON    AND    K08KOKWIM    BASINS. 

BXPOaXB. 

"The  coal  resources  of  the  Yukon,  Alaska,  by  A.  J".  Collier.  Bulletin  218,  1903,  71  pp. 
15  cents. 

The  Fortymile  quadrangle,  Yukon-Tanana  region,  Alaska,  by  L,  M.  Prindle.  Bul- 
letin 376, 1909,  52  pp. 

Water-supply  inveetigationa  in  Yukon-Tanana  region,  Alaska,  1907-8  (Fairbanka, 
Circle,  and  Rampart  difltricts),  by  C.  C.  Covert  and  C.  E.  Elbworth.  Watei^ 
Supply  Paper  22S,  1909, 108  pp. 

Mineral  leeourcee  of  Nabesna-White  Biver  diatrict,  by  F.  n.  Moffit  and  Adolph 
Enopf,  with  a  section  on  the  Quaternary  by  S.  R.  Cappe.  Bulletin  417,  1910, 
64  pp. 
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*nftC6r  tniqing  in  the  Yukon-Tuuuia  regioii,  by  C.  £.  EllsworUi.    In  Bulletiii  442, 

1910,  pp.  230-245.    40  cento. 
"Occuirence  of  wolfiunite  and  ctAterite  in  the  gold  pUcen  of  Desdwood  Creek, 

Birch  Creek  distiict,  by  B.  L.  Johnson.    In  Bulletiii  442,  ISIO,  pp.  246^250.    40 

Placer  nuning  in  the  Yukcn-'nuunA  ngum,  by  C.  E.  Ellsworth  and  G.  L.  F&rker. 

In  BnUetin  480, 1911,  pp.  163-172. 
Flacer  mining  in  the  Fortymile  wid  Beventymile  river  diHtricta,  by  E.  A.  Pcoter. 

In  BuUetin  C20, 1912,  pp.  2I1-21B.    50  cents. 
PUcerminingin  the  F&irbankBUid  Circle  diabicfa,  by  C.  E.  Ellsworth.     InBnIletin 

520,  ISIZ,  pp.  240-245.     50  cento. 
Gold  plsceiB  betweem  Woodchopper  and  Fourth  of  July  creehi,  upper  Yuktm  lUver, 
by  L.  M.  Prindle  and  3.  B.  Mertie,  jr.    In  BuUetin  520,  1912,  pp.  201-210.    60 
cento. 
The  Bonnifleld  n«ion,  Alaska,  by  S.  R.  Capps,    Bulletin  601,  1912, 162  pp. 
A  geologic  reconnainance  of  a  port  of  Hie  Rampait  qoadiang^e,  Alaska,  by  n.  M, 

Eakin.    BuUebn  635, 1913,  38  pp. 

A  geologic  reconnainance  of  the  Faitbanka  quadrangle,  Alaska,  by  L.  H.  Prindle, 

with  a  detailed  description  of  the  Fairbanks  district,  by  L.  M.  Prindle  and  F.  J. 

Katz,  and  an  account  of  lode  mining  near  Faiibanks,  by  P.  S.  Smith.    Bulletin 

625,  1913,  220  pp. 

The  Eoyukuk-Chandalar  rt^ion,  Alaska,  by  A.  G.  Haddten.    BuUetin  632,  1913, 

119  pp.    Price  25  c«nts. 
A  geologic  reconnaissance  of  the  Circle  quadrangle,  Alaska,  by  L.  H.  Prindle.    Bulle- 
tin 638,  1913,  82  pp. 
Placer  mining  in  the  Yukon-Tananarefiion,  byC.  E.  Ellsworth  and  R.  W.  DaTenprnt, 

In  Bulletin  642, 1913,  pp.  203-222. 
•Placer  mining  in  the  Yukon-Tanana  region,  by  Theodore  Chapin.     In  Bulletin  592. 

1914,  pp.  367-362.    60  cents. 
*Lode  developments  near  Fairbanks,  by  Theodore  Chapin.    In  Bulletin  692,  1914, 

pp.  321-356.    60  cento. 
Surface  water  supply  of  the  YukonrTanana  region,  1907  to  1912,  by  C.  E.  Ellsworth 

and  R,  W.  Davenport.    Wate>8upply  Paper  342,  1915,  343  pp. 
Mining  in  the  Fairbanks  district,  by  H.  U.  Eakin.     In  Bulletin  622, 1915,  pp.  229-238. 
UimngintheHotSpringBdistrict,byH.U.Eakin.    InBuUetin622, 1615,  pp. 239-246. 
Mineral  leeources  of  the  Lake  Clark-Iditarod  region,  by  P.  S.  Smith.    In  Bulletin 

622,  1916,  pp.  247-271. 
Quicksilver  depoaito  of  the  Euskokwim  region,  by  P.  S.  Smith  and  A.  G.  Maddren 

In  Bulletin  622,  1916,  pp.  272-291. 
Gold  placers  of  the  lower  Kuskokwim,  by  A.  G.  Haddi«n.    In  Bulletin  622,  1915, 

pp.  292-360. 
Preliminary  report  on  Tolovana  district,  by  A.  H.  Brooke.    In  Bulletin  642,  1916, 

pp.  201-209. 
Ezpknation  in  the  Cosna-Nowitna  region,  by  H.  U.  Eakin.    In  BuUetin  642,  1916, 

pp.  211-222. 
Mineral  reeourcea  of  the  Ruby-Kuakokwim  i^on,  by  J.  B.  Mertie,  jr.,  and  G.  L, 

Harrii^lon.    In  BuUetin  642,  1916,  pp.  228-266. 
The  Ghisana-Wbite  River  district,  by  S.  R.  Capps.    Bulletin  630, 1916,  130  pp. 
The  Yukon-Koyukuk  region,  by  H.  M.  Sakin,    BuUetin  631, 1916,  88  pp. 
Minernl  rwourcee  of  the  Kantishna  region,  by  S.  R.  Capps.    In  Bulletin  662, 1917, 

pp.  279-331. 
The  gold  placan  td  the  Tolovana  district,  byJ.  B.  Mertie,  jr.    In  Bulletin  662, 1917, 

pp.  221-277. 
Gold  placers  near  the  Nenana  coal  field,  by  A.  G.  Maddren.    In  BuUetin  662,  1917, 
pp.  363-402. 
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Lod«  mining  in  the  Faitbaoks  diBtrict,  by  J.  B.  Mertie,  jr.    In  Bulletin  662, 1917, 

pp.  405-424. 
Lode  deposits  near  the  Nenana  coal  field,  fay  R.  M.  Overbeck.    In  Bulletin  662, 1917, 

pp.  351-362. 
Gold  placers  of  the  Anvik-AndiealBki  i^ion,  by  G.  L.  Harrington.    In  Bulletin  662, 

1917,  pp.  333-349. 

In  prat. 

Tbe  Lake  Clark-Genttal  Kuakokwim  region,  by  P.  S.  Snuth.    Bulletin  655. 
The  Coena-Nowitna  region,  fay  E.  M.  Eakin.    Bulletin  667. 

Jn  preparation. 
The  Anvik-Andreafaki  region,  by  G.  L.  Hairington.    Bulletin  6S3. 
The  Ruby-Euekokwim  region,  by  J.  B.  Mertie,  Jr.,  and  G.  L.  Hairington. 
The  Lower  Etukokwim  region,  by  A.  G.  Maddren. 
The  Kantidma  diatiict,  by  S.  R.  Cappa. 
The  Nenana  cool  fields,  by  G.  C.  Martin. 

TOPOa&ATOIC  MAPS. 
Circle  quadrangle  (No.  641);  scale,  1:250,000;  by  T,  G.  Gerdine,  D.  C.  WitheiBpoon, 

andothen.    60  cents  retail  or  30  cents  wholesale.    Abo  in 'Bulletin  296.    36  cents. 
Fairbanks  quadrangle  (No.  642);  scale,  I;250,000;  by  T.  G.  Gerdine,  D.  G.  Wither- 

epoon,  K,  B.  Oliver,  and  J.  W.  Bagley.    50  cents  retail  or  30  cents  wholesale.    Also 

in  "BuUetina  337  (26  cents)  and  625. 
Fortymile  quadiangle  (No.  640);  scale,  1:260,000;  fay  E.  C.  Bamaid.    10  cents  retail 

or  6  cents  wholesale.    Also  in  Bulletin  375. 
Rampart  quadran^e  (No.  643);  scale,  1:250,000;  by  D.  C.  Witberepoon  and  R.  B. 

Olivet.    20  cents  retail  or  12  cents  wholesale.    Abo  in  'Bulletin  337  (26  cents)  and 

part  in  Bulletin  536. 
Fairbanks  special  (No.  e42A);  scale,  1:62,600;  fay  T.  G.  Gerdine  and  R.  H.  Sargent. 

20  cents  retail  or  12  cents  wholesale.    Also  In  Bulletin  525. 
Bonnifield  region;  scale  1:260,000;  by  J.  W.  Bt«ley,  D.  C.  Withetepoon,  and  C.  E. 

Giffin.     In  Bulletin  501.     Not  isued  Boparately. 
Iditarod-Ruby  region,  reconnaiasance  map;  scale,  1:260,000;  by  C.  G.  Anderson, 

W.  S.  Poet,  and  othera.    In  Bulletin  678,    Not  issued  separately. 
Middle  Kuskokwim  and  lower  Yukon  r^on;  scale,  1:600,000;  by  C.  G.  Anderson, 

W.  S.  Poat,  and  otheiB.    In  Bulletin  578.    Not  iaaued  separately. 
Chisana-White  River  r^on;  scale,  1 :250,000;  by  C.  E.  Giffin  and  D.  G.  Witherspoon. 

In  Bulletin  630.    Not  issued  separately. 
Yukon-Koyukuk  r^on;  ecale,  1:600,000;  by  H.  M.  Eakin.     In  Bulletin  631.     Not 

iteued  separately. 

7H  preparation. 

Lake  Clark-Central  Euskokwim  region;  scale  1:250.000;  by  R.  H.  Sargent. 
Lower  Kuskokwim  region;  scale,  1:600,000;  by  A.  G,  Maddren. 
Oosna-Nowitna  region;  scale,  1:250,000;  by  H.  M.  Eakin. 
Ruby  district;  scale,  1:260,000;  by  G.  E.  Giffin  and  R,  H.  Sai^nt. 
Innoko-Iditarod  K^on;  scale,  1:250,000,  by  R.  H.  Sargent  and  C.  E.  Giffin. 
Haishall  district;  scale,  1:126,000;  by  R.  H.  Sargent. 

SEWAKD   PENINSULA. 
RZFOBTB. 

The  Fairhaven  gold  placers  ot  Seward  Peninsula,  Alaeka,  by  F.  B.  Moffit.    Bulletin 

247,  1905,  85  pp. 
Gold  mining  on  Seward  Peninsula,  by  F.  H.  Moffit.    In  Bulletin  284,  1906,  pp.  132- 
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The  Kougarok  region,  by  A.  H.  Brook3.     In  Bulletin  314,  1907,  pp.  1G4-1S1. 
Geology  and  miseral  resourcea  of  IroD  Creek,  by  P.  S.  Smith.    In  Bulletin  314, 1907, 

pp.  157-163. 
The  gold  placers  of  parts  of  Seward  Peninsula,  Alaska,  including  the  Nome,  Council, 

Kougarok,  Port  Clai«nce,  and  Goodhope  precincta,  by  A.  J.  Collier,  F.  L.  Hees, 

P.  S.  Smith,  and  A.  H.  Brooks.    Bulletin  32S,  1908,  343  pp. 
'Investigation  of  the  mineral  deposits  of  Seward  Peninsula,  by  P.  S.  Smith.    In  Bul- 

leUn  345,  1908,  pp.  206-250.     45  cenla. 
Geology  of  the  Seward  Peninsula  tin  deposits,  by  Adolph  Enopf.    Bulletin  358, 

1908,72  pp. 
Recent  developments  in  southern  Sewaid  Feoinsula,  by  P.  S,  Smith,    In  Bulletin 

379, 1909,  pp.  267-301.    50  cents. 
•The  Iron  Creek  region,  by  P.  S.  Smith.    In  Bulletin  379,  1909,  pp.  302-354.    50 

cents. 
"Mining  in  the  Fairhaven  district,  by  F.  F.  Henahaw.    In  Bulletin  379,  1909,  pp. 

355-369.    50  cents. 
Geology  and  mineral  reaourcce  of  the  Solomon  and  Casadepaga  quadrangles,  Seward 

Peninsula,  Alaska,  by  P.  S.  Smith.    Bulletin  433,  1910,  227  pp. 
Mining  in  Seward  Peninsula,  by  F.  F.  Henshaw.    In  Bulletin  442, 1910,  pp.  353-371. 
A  geologic  reeoQiiaiasance  in  southeastern  Seward  Peninsula  and  the  Norton  Bay- 

Nulatfl  region,  by  P.  S.  Smith  and  H.  M.  Eakin.    Bulletin  449, 1911,  146  pp. 
Notes  on  mining  in  Seward  Peninsula,  by  P.  S.  Smith.    In  Bulletin  520,  1912,  pp. 

339-344. 
Geology  of  tlic  Nome  and  Grand  Central  quadrangles,  Alaska,  by  F.  H.  Moffit.     Bui- 

letin  533,  1913,  140  pp. 
"Surface  water  supply  of  Seward  Peninsula,  Alaska,  by  F.  F.  Henshaw  and  G.  L. 

Parker,  with  a  sketch  of  the  geography  and  geology  by  P.  S.  Smith  and  a  descrip- 
tion of  methods  of  placer  mining  by  A.  H,  Brooks;  including  topi^craphic  recon- 
naissance map.    Water-Supply  Paper  314,  1913,  317  pp.    45  cents. 
"Placer  mining  on  Seward  Peninsula,  by  Theodore  Chapin.    In  Bulletin  502,  1914, 

pp.  385-396.     60  cents. 
*Lode  developments  on  Seward  Peninsula,  by  Theodore  Chapin.    In  Bulletin  592, 

1914,  pp.  397-407.    60  cenla. 
Iron-ore  deposits  near  Nome,  by  H.  M.  Eakin.    In  Bulletin  622, 1915,  pp.  361-365. 
Placer  mining  in  Seward  Peninsula,  by  11.  M.  Eakin.     In  Bulletin  622,  1915,  pp. 

366-373. 
Lode  mining  and  prospecliiii;  on  Seward  Peninsula,  by  J.  B.  Mertie.  jr.    In  Bulletin 

662, 1917,  pp.  425-449. 
Placer  mining  on  Seward  Ppninsnla,  by  J.  B.  Mertie,  jr.     In  Bulletin  662,  1917, 

pp.  451-458. 

TOPOOBAPEQC  HAPS. 

Seward  Peninsula,  compiled  from  work  of  D.  C.  Witherapoon,  T.  G.  Gerdine,  and 
others,  of  the  Geological  Sur\'ey,  and  all  available  sourcea;  scale,  1: 500,000.  In 
Water-Supply  Paper  314.    Not  iaued  separately. 

Seward  Peoinsula,  northeastern  portion,  reconnaissance  map  (No.  655);  scale, 
1: 250,000;  by  D.  C.  Witherspoon  and  C.  E.  Hill.  50  cents  retail  oi  30  cents  whole- 
sale.   Also  in  Bulletin  247. 

Seward  Peninsula,  northwestern  portion,  reconnaissance  map  (No.  657);  scale, 
1:250,000;  by  T.  G.  Gerdine  and  D.  C.  Witherspoon.  50  cents  retail  or  30  centa 
wholesale.    Also  in  Bulletin  328. 

Seward  Peninsula,  southern  portion,  reconnaissance  map  (No.  656);  scale,  1:250,000; 
byB.C.  Barnard,  T.G.  Gerdine,  and  others.  50  cents  retail  or  30  cents  wholesale. 
Also  in  Bulletin  323. 
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Seward  Peniiuuls,  southeastern  portion,  reconnaiasance  map  (Hoe.  655-656);  scale, 

1;  250,000;  by  E.  C.  Barnard,  D.  L.  Beabum,  H.  M.  Eakin,  and  othere.    In  Bui- 

letin  449.     Not  iaeued  Beparafely, 
Nulato-NortoQ  Bay  region;  scale,  1:500,000;  by  P.  S.  Smith,  H.  M.  Eakin  and 

others.    In  Bullstin  4i9.    Not  issued  separately. 
Grand  Central  quadrangle  (No.  646A);  scale,  1: 62,500;  by  T.  G.  Gerdine,  R.  B.  Oliver, 

and  W.  R.  Hill.     10  cents  retail  or  6  cents  wholesale.    Also  in  Bulletin  533. 
Nome  quadrangle  (No.  646B);  scale,  1:62,500;  by  T.  G.  Gerdine,  R.  B.  Oliver,  uid 

W.  R.  Hill.     10  centfl  retail  or  6  cents  wholeaale.     AIho  in  Bulletin  533. 
Caaadepaga  quadrangle  (No.  6460);  scale,  1:62,500;  by  T.  G.  Gerdine,  W.  B.  Corse, 

and  B.  A.  Yoder.    10  cents  retail  or  6  cents  wholesale.    Also  in  Bulletin  433. 
Solomon  quadrangle  (No.  646D);  scale,  1:  62,500;  by  T.  G.  Gerdine,  W.  B.  Gotse, 

and  B.  A.  Yoder.    10  cents  retail  or  6  cents  wboleeale.    Also  in  Bulletin  433. 

NOKTHEBN   ALASKA. 


■A  reconnaissance  in  northern  Alaska  across  the  Rocky  Mountains,  along  Koyukuk, 
John,  Anaktuvuk,  and  Colville  riveiB  and  the  Arctic  coast  to  Cape  Lisbiune  in 
1901,  by  F.  C.  Schrader,  with  notes  by  W.  J.  Petere.  Ptofessional  Paper  20, 1904, 
139  pp.  40  cents. 
•Geology  and  coal  resources  of  the  Cape  Lisbume  region,  Alaska,  by  A.  J.  Collier. 
Bulletin  278,  1906,  54  pp.  15  cents. 
Geologic  investigations  along  the  Canada-Alaska  boundary,  by  A.  G.  Maddren.    la 

Bulletin  620,  1S12,  pp.  297-314. 
The  Noatak-Kobuk  r^on,  by  P.  S.  Smith.    Bulletin  536,  1913,  160  pp. 
The  Koyukuk-Chandalar  region,  Alaska,  by  A.  G.  Maddren.    Bulletin  532,  1913, 
119  pp. 

In  pra». 

The  Canning  River  r^on  of  northern  Alaska,  by  E.  de  K.  Leffingwell.    Profes- 
sional Paper.  109. 

TOPOQKAF&IO  lUPB. 

"Koyukuk  River  to  mouth  of  Colvilte  River,  including  John  River;  scale,  1: 1,260,000; 
by  W.J.  PetetB.  In  *ProfeesionaI  Paper  20.  40  cents.  Not  issued  separately. 
Koyukuk  and  Cbandalar  region,  reconnaissance  map;  scale,  1:500,000;  by  T.  G. 
Gerdine,  D.  L.  Reabum,  D.  0.  Witherspoon,  and  A.  G.  Haddren.  In  Bulletin 
532.  Not  issued  separately. 
Noatak-Kobuk r^n;  scale,  1: 600,000;  by  G.  E,  Giffin,  D.  L.  Reabum,  H.  M.  Eakin, 
and  otbem.    In  Bulletin  536.    Not  issued  separately . 

Jn  pnpamtion. 

Canning  River  region;  scale,  1:250,000;  by  E.  de  K.  Leffingwell. 

North  Arctic  coast;  scale,  l:500,000;by  E.  de  K.  Leffingwell. 

Uartin  Point  to  Thetis  Island;  scale,  1:125,000;  by  £.  de  K.  LeffingwelL 
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